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Thunder hunting equipment on location near 
Madison, Florida. Loop antenna on truck picks 
new telephone circuits have two 
often the static exoseds a given jobs to do — carrying your voice and trans- 
mitting signals to operate dial exchanges in 
distant towns. And an old-fashioned thunder: 


storm can interfere with both! 


“Rolling static” comes from many storms 
over a wide area and can interfere with clear @ 
telephone talk. A nearby lightning flash 7m 
makes “crack static” which, unchecked, plays Wm 
hob with dial system signals, 


So Bell Laboratories scientists go “Thun- 

der Hunting” in the storm centers of the 

United States —“capturing” storms by tape 

: ; recorders. Back in the Laboratories, they 

BELL TELEPHONE. recreate the storms, pitting them against their 

new circuits. This method is more efficient 

LABORATORIES and economical than completing a system and 

emonstrates again how elephone 
help keep costs down, while they 


creative men in scientific and i # 
technical fields. make your telephone system better each year. 
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the NEW EDITION 
of PATTERN DESIGN 


by Kiley and Paustian* 
(Formerly by Hall and Kiley) 


193 pages $3.50 


In this revision, the authors emphasize that improved casting alloys, novel pat- 
tern designs, and modern molding techniques very often can alter an entire 
product picture, opening up a new market for cast metal products. A wealth 
of excellently rendered line and halftone illustrations, a series of special prob- 
lems, plus the fact that the student's ability to visualize and design is aided, 
make this book of interest to drafting and machine instructors; also it can be 
incorporated in advanced drafting courses. The approach to the subject con- 
tinues from the engineer's viewpoint. 

*Henry E. KILEY, engaged in Development Work, the Standard Machinery 
Company, Providence, Rhode Island; formerly Instructor in Mechanical Engi- 
neering, Massachusetts Institute of Technology; John PAUSTIAN, Assistant 
Professor, Department of Mechanical Engineering, University of Nebraska. 


BRIEF NOTES about FOUR PROVEN 
International Textbooks! 


PROPERTIES OF ENGINEERING MATERIALS 
Second Edition by Glenn Murphy. A balanced survey of the properties of 


materials of use to engineers and ways in which those properties may be con- 
trolled. 459 pages, $5.00. 


ALTERNATING-CURRENT CIRCUITS 


Second Edition by Tang. For an introductory course in circuit analysis study 
to precede those in alternating machinery, power and communication networks. 
450 pages, $5.00. ; 


INTRODUCTION TO ELECTRIC POWER SYSTEMS 


Revised Edition by Tarboux. The basic theory of long transmission lines, 
solution of fault currents, machine behavior and lightning waves on systems in 
simple form. 395 pages, $4.50. 


AN ANALYSIS OF STATICALLY INDETERMINATE 
STRUCTURES 


Third Edition by Williams. Presents in a constant pattern of simplicity com- 
mon methods of analysis of statically indeterminate structures based on funda- 
mental principles of Applied Mechanics. 392 pages, $4.50. 


Send for EXAMINATION COPIES 


INTERNATIONAL 


TEXTBOOK COMPANY 
SCRANTON 9 PENNSYLVANIA 
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Just Published... . 


ELECTROLYTIC MANGANESE 
AND ITS ALLOYS 


Reginald 8. Dean, formerly Chief Metallurgist 
and Assistant Director, U. S. Bureau of Mines 


A comprehensive record of a metallurgical process which can 
well make manganese an important contributor to our domestic 
mineral economy and security. Much of the material has been 
drawn from published reports of the Bureau of Mines, to which 
has been added a substantial amount of hitherto unpublished 
material from the author’s own laboratory work. 700 illus. 
68 tables. 257 pages. 


TITANIUM 


Its Occurrence, Chemistry, and Technology 
By Jelks Barksdale, Alabama Polytechnic Institute 


A working reference volume for everyone who is interested in 
the sources, chemistry, or technology of titanium or in the 
growing range of industrial applications. Comprehensive in 
scope, the book contains more than 4000 citations to original 
sources of information and to abstracts. 75 illus. 23 tables. 
591 pages. 


ELECTRONICS 


Principles and Applications 
By Ralph R. Wright, Virginia Polytechnic Institute 


Designed to give a broad coverage of the basic applications of 
electron tubes in the fields of communication, industry, and 
control, with an introduction to electron theory in the first 
chapters sufficient to give an adequate background for under- 
standing practical applications. 375 illus. 19 tables. 387 
pages. 


HELICOPTER ENGINEERING 
By Raymond A. Young, Bureau of Aeronautics, U. S. Navy 


This book is a summary of accepted design methods based on 
both theory and the results of extensive research. Much of the 
material is new; other portions consist of modifications of earlier 
data to make them applicable to present demands of rotary- 
wing design. 763 illus. 35 tables. 255 pages. 


THE RONALD PRESS COMPANY 


15 East 26th Street, New York Io, N.Y. 
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C. Leslie Martin Architectural Graphics 


In this text the author shows the development of va- 
rious types of drawing progressing from the multi- 
view orthographic and the parallel line pictorial sys- 
tems to three-point perspective. The mechanics of 
shade and shadow are discussed and illustrated. 
Coming in the summer 


Frank J. McCormick Strength of Materials 


Designed for students with no mathematical back- 
ground beyond trigonometry, this text explains the 
subject clearly by argument, illustration, and ex- 
ample. The “conjugate beam” method is used ex- 
clusively by the author. Ready in August 


R. T. Liddicoat Laboratory Manual of 
Philip O. Potts Materials Testing 


Here is a generous treatment of the methods and pro- 
cedures commonly employed in testing engineering 
materials. Factual data relating to properties of 
materials from other research groups are included. 
Several original experiments and forty texts are in- 
cluded. Coming in June 


Alvin Sloane Mechanics of Materials 


This is the first text to establish basic flexure theory 
as core theorem, with longitudinal shear and deflection 
branching out as natural corollaries. Mohr’s circle is 
used as the basis throughout the text. Illustrated. 
Ready in June 


.... with your needs! 


E. G. Paré Descriptive Geometry 
R. O. Loving I h 
Ivan Hill n short homogeneous chapters, 


solution illustrations are broken 
down into easy-to-follow steps. Solutions are in pic- 
torial form whenever they can be an aid to visualiza- 
tion. Ready in June 


V. M. Faires Reyv., Analytic Mechanics 


S. D. Chambers 

Rewritten for more clarity, this 
new edition has an increased number of problems and 
biographical and historical sketches to intrigue the 
student’s interest. New worked out examples are 
added and there is a new chapter on vibrations as 
well as new material on gyroscopic action, dimensional 
analysis, etc. Ready in the summer 


E. B. Cole Rev., Theory of Vibrations 
for Engineers 


This text attempts to bridge the gap between the 
elementary and more difficult vibration problems. 
Only a background of the most elementary calculus 
is required. Rewritten, revised, and enlarged, the 
book also contains more examples. 7952. $3.00 


J. A.V. Butler Electrical Phenomena 
at Interfaces 


This symposium by a number of well-known author- 
ities, discusses the principles of electrochemistry and 
their application in the fields of electrode processes, 
colloid chemistry, and biology. 7952. $6.75 


JTHE MACMILLAN COMPANY 
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ENGINEERING IN PUBLIC HEALTH 
By Harotp E. Bassitt, University of Illinois. 582 pages, $8.00 


A new text by a leading authority in the sanitary engineering field, this book is 
suitable for both students and practicing engineers in public health. It em- 
phasizes the breadth of knowledge required by the engineer in public health, 
showing that it involves the application of knowledge in such major areas as 
civil and mechanical engineering, in addition to special knowledge required in 
the control of environment. 


MUSICAL ENGINEERING 
By Harry F. Otson, Radio Corporation of America. 369 pages, $6.50 


Provides an engineering treatment of the interrelated subjects of acoustics, 
sound, speech, music, musical instruments and sound reproduction. It treats 
the subject from an applied science standpoint, employing a combination of 
scientific, technical and physical explanations and descriptions. 


STRUCTURE OF METALS. New 2nd edition 


By C. S. Barrett, Institute for the Study of Metals, University of Chicago. 

McGraw-Hill Metallurgy and Metallurgical Engineering Series. Ready 

in July 
A new edition of a text and reference book on the atomic arrangement in metals 
(solid and liquid). Treatments of dislocations, creep, powder and_ single 
methods of diffraction, structure of liquid elements, ferromagnetism and anti- 
ferromagnetism, Martensitic transformations, and imperfections in crystals have 
all been thoroughly revised. Discussions have. been added on: current dis- 
location theories, measurements of short range order in superlattices, recent 
research on diffraction from cold worked metals, carbides in alloy steels, etc. 


INDUSTRIAL WASTE TREATMENT 


By Epmunp B. BEsseEtievre, Chief Sanitary Engineer, Foreign Division, 
The Dorr Company. Ready in June 


Supplies the industrial plant owner and management with a compendium of the 
agencies which originate industrial waste problems. Discusses the means avail- 
able for the treatment of wastes—the problems of procuring proper samples and 
data on the wastes—the means of testing the wastes to develop a method of 
treatment—the place of the consultants called in to advise the industrialist—and 
the possibility of recovery or re-use of valuable by-products or ingredients. 
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HARMONICS, SIDEBANDS, AND TRANSIENTS IN COM- 
MUNICATION ENGINEERING 


By C. Lours Cuccra, RCA Laboratories, Princeton, N. J. McGraw-Hill 
Series in Electrical and Electronic Engineering. 464 pages, $9.00 


An advanced, specialized mathematics book for communication engineers offer- 
ing a combination of a textbook on communication engineering, having wide 
utility in the fields of radio, television, radar, and nuclear electronic problems, 
and a treatment of modern mathematical analysis in the communication engi- 
neering field. 


ELECTRICAL DRAFTING AND DESIGN. New 3rd edition 
By Catvin C. BisHop. Ready in June 


The purpose of this book is to thoroughly acquaint the reader with the methods 
used in preparing drawings for use in the electrical industry. In this revision, 
the author has retained old material that is still useful, and added much new 
material. A change in the method of presentation has been made so that the 
important things to be learned in each chapter are summarized at the end of the 
chapter with suitable problems that illustrate principles and methods. 


STRENGTH OF MATERIALS. New 2nd edition 


By Joun W. BreNEMAN, The Pennsylvania State College. The Pennsyl- 
vania State College Industrial Series. Ready in July 


As in the first edition, the sole purpose of this book is to provide an ele- 
mentary text on.the subject without requiring the use of mathematics beyond 
the level of trigonometry. The old material has been revised by rewriting parts 
of the text to provide greater clarity and continuity. The author has intro- 
duced the study of deformation in shafts, and the study of beam deflections has 
been enlarged to include a wider variety of loadings. 


ADVANCED STRENGTH OF MATERIALS 


By J. P. Den Hartoc, Massachusetts Institute of Technology. Ready in 
May 


A text for senior and graduate students in engineering, covering strength of 
materials and theory of elasticity—starting from the level usually attained after 
the customary first one-term course. Provides the link from elementary texts 
to advanced treatments. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 18, N.Y. 
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FRACTIONAL HORSE-POWER 
ELECTRIC MOTORS 


By F. G. Spreapsury. A complete treatment of the prin- 
ciples, performance, control and design of fractional horse- 
power motors. This is the first book to cover thyratron 
control and servo applications. 315 pages, $7.50 


TRANSFORMERS 


By F. C. Connetty. The first book of its kind to contain 
information about the different types of transformers re- 
quired in line and radio communication, radio-frequency 
‘heating, electronics, portable machine tools, electro-medical 
equipment, illumination and measuring apparatus. 490 
pages, $7.50 


RADIO-FREQUENCY HEATING 
EQUIPMENT 


By L. L. Lancron. An important work on a new technical 
subject, dealing mainly with the generation and transfer of 
radio-frequency power. Particular reference is given to the 
theory and design of self-excited power oscillators. 196 


pages, $3.75 


ELECTRICAL FUNDAMENTALS, 
CIRCUITS AND MACHINES 
FOR ENGINEERS 


By R. W. Antauist. <A widely-adopted, well-known text 
that presents new advances in the field of electrical engineer- 
ing as well as new treatments of many topics relating to the 
subject. Numerous illustrations and examples. 400 pages, 


$5.00 


ave cordially be sand Jor enamination copies 


ADDRESS: 2 WEST 45th STREET, NEW YORK 19, N. Y. 
PITMAN PUBLISHING CORPORATION 
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Examine these 1952 textbooks .. . 
MECHANICS OF VIBRATION 


By Hotcer M. Hansen and Paut F. Cuenea, both at University 
of Michigan. 1952. 417 pages. $8.00. 


ELECTRICAL MEASUREMENTS 


By Forest K. Harris, National Bureau of Standards and George 
Washington University. 1952. 784 pages. $8.00. 


ANALYTICAL MECHANICS FOR ENGINEERS 


Fourth Edition. By Frep B. and Newton E. 
both at University of Illinois. 1952. 443 pages. $5.50. 


ELEMENTARY HEAT POWER 


Second Edition. By Harry L. Orvitte C. Cromer, 
and ALBERT R. Spa.pino, al// at Purdue University. 1952. 624 


pages. $6.50. 
METALLURGY FOR ENGINEERS 


Casting, Welding, and Working. By Joun Wuirr, Howarp 
F. Taytor, and Amos J. SHALER, all at The Massachusetts Insti- 
tute of Technology. 1952. Approx. 534 pages. Prob. $6.00. 


ELECTRICAL COMMUNICATIONS EXPERIMENTS 
By Henry R. Reep, T. C. G. Wacner, and Georce F. Cor- 
coRAN, all at University of Maryland. 1952. 458 pages. $6.75. 

MANUFACTURING PROCESSES 
Third Edition. By Myron L. Beceman, The University of 
Texas. 1952. 608 pages. $6.00. 

MECHANICS 
Part I: Statics. By J. L. Mertam, University of California. 
1952. 340 pages. $4.00. 

HANDBOOK OF ENGINEERING FUNDAMENTALS 
Second Edition. Edited by Ovin W. Esusacu, Northwestern 
Technological Institute. 1952. 1322 pages. College Ed. $8.50. 


NOMOGRAPHY AND EMPIRICAL EQUATIONS 
By Lee H. Jounson, The Tulane University. 1952. 150 pages. 


$3.75. 


THE WELDING OF NON-FERROUS METALS 
By E. G. West, The Aluminum Research Association. 1952. 


553 pages. $8.50. 
Send for copies on approval. Write to: 


JOHN WILEY « SONS, Inc. 
440 Fourth Avenue New York 16, N.Y. 
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Ready Soon... 


ELECTRICAL ENGINEERING 


Theory and Practice. By W. H. Erickson and N. H. Bryant, 
both at Cornell University. May, 1952. Approx. 525 pages. 
Prob. $6.00. 


VACUUM-TUBE OSCILLATORS 
By Wi.u1am A. Epson, Georgia Institute of Technology. Fall, 
1952. Approx. 522 pages. Prob. $8.50. 


PRINCIPLES OF HUMAN RELATIONS 


Applications to Management. By Norman R. F. Mater, Uni- 
— of Michigan. June, 1952. Approx. 469 pages. Prob. 
$6.00. 


ESSENTIALS OF MICROWAVES 
By Rosert B. Mucumore, Hughes Aircraft Company. Fall, 


1952. Approx. 242 pages. Prob. $4.50. 


MECHANICS 
Part Il: Dynamics. By J. L. Meriam, University of California. 
August, 1952. Approx. 300 pages. Prob. $4.00. 


FATIGUE AND FRACTURE OF METALS 


A Symposium. Edited 4y Witt1am M. Murray; with a Fore- 
word dy Jerome C. Hunsaker; both at The Massachusetts 
Institute of Technology. A Tecuno.tocy Press Pusuication, 
M.I.T. Fall, 7952. Approx. 356 pages. Prob. $6.00. 


STORAGE TUBES AND THEIR BASIC PRINCIPLES 
By Max Kwnout and B. Kazan, RCA Laboratories, Princeton, 
N. Ff. Fune, 1952. Approx. 158 pages. Prob. $3.00. 


ELASTICITY IN ENGINEERING 
By E. E. Secuuer, California Institute of Technology. August, 


1952. Approx. 412 pages. Prob. $8.50. 


ELECTRIC CONTROL SYSTEMS 
By Ricuarp Jones, Northwestern University. Fall, 1952. Ap- 
prox. 460 pages. Prob. $7.50. 


METADYNE STATICS 


By JosepH Maximus Pestarini, The Massachusetts Institute of 
Technology and Columbia University. August, 1952. Approx. 
378 pages. Prob. $7.50. 


Send for copies on approval. Write to: 


JOHN WILEY SONS, Inc. 


440 Fourth Avenue — New York 16, N.Y. 
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Social and Political Forces Affecting Civil 
Engineering Education * 


By N. A. CHRISTENSEN 
Professor and Director, School of Cwil Engineering, Cornell University 


The American desire to preserve our 
way of life in a world which is becoming 
overpopulated and stimultaneously com- 
pressed by more rapid means of com- 
munication is the basic cause of social and 
political stress in the United States. The 
United States is strong but the opponent 
which threatens her is the most powerful 
enemy our country has ever faced. In a 
larger sense the conflict is between demo- 
eratie and communistic ideas. The United 
States and Russia are simply the leaders 
of the opposing groups of nations. Peo- 
ples of the whole earth are trying to decide 
which is the best political system—democ- 
racy or communism. Many nations have 
already chosen sides and those which have 
not are torn with internal turmoil in try- 
ing to make a decision. 

This great conflict coming at a time 
when some parts of the earth are over- 
populated magnifies the importance of the 
ultimate outcome. In many of the more 
densely populated sections it is no longer 
possible to provide adequate food, cloth- 
ing, and shelter by means of the native 
agricultural and manufacturing proced- 
ures. Such areas of world population 
look with envy upon the abundance of 
everything enjoyed in the United States. 
If such areas can be helped toward our 
level of living, they will follow our pat- 
tern. If not, they will join hands with the 
enemy and try to pull us down. 


* Presented before the Educational Policy 
Section of the Civil Engineering Division 
ASEE, Annual Meeting, Michigan State 
College, June 1951. 


Our Task as a Nation 


What then is our general task as a 
nation? There seems to be no other course 
than to follow our government’s proposals 
to help other people to solve their prob- 
lems but at the same time keep our na- 
tion strong enough to beat down any 
group which wants to shape the future 
by foree of arms. Civil engineering 
education has an important role in this 
world drama. Both foreign and American 
civil engineers must be trained to have the 
breadth of social knowledge and technical 
excellence to transfer American know-how 
in civil engineering to underdeveloped 
countries. This must be done in a period 
much shorter than the 150 years of our 
own industrial evolution, and without 
causing serious social and economic mal- 
adjustment among the peoples of the 
earth. 

Engineering leaders are needed who are 
also good economists, others who are also 
good sociologists, and others who are also 
good statesmen. Too few of our Civil 
Engineering graduates have a_ broad 
enough foundation to support a career in 
important international relations requir- 
ing extensive knowledge and training in 
these subjects. In fact not many engi- 
neering schools have faculties completely 
competent to impart such an educational 
foundation to students. The 20 per cent 
of humanistic studies so widely accepted is 
only a start toward what is needed. Some 
of our best students and staff members 
should pursue graduate study and aim at 
engineering statesmanship as a goal. 
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430 FORCES AFFECTING CIVIL ENGINEERING EDUCATION 


Need for Specialists 


For this world wide job of regional de- 
velopment we also need more specialists 
with great depth of knowledge in certain 
fields. Men who ean locate the mineral, 
land, and water resources, others who can 
plan extensive transportation systems, 
others who know how to plan, build, and 
expand cities and still keep them safe 
against traffic accidents and _ disease. 
Other are needed to irrigate the deserts, 
others who know about flood protection, 
others who ean wring out the last use- 
less pound of dead weight from structures 
and so on. Graduate study at a university 
seems to be the most economical way to 
provide these specialists. After our grad- 
uates leave college most of them continue 
to grow but this growth in most cases is 
limited by the strength of the mathematical 
and scientific foundation which they re- 
ceived in college. It is not so difficult for 
engineers to keep abreast in fields which 
do not require high ability in the applica- 
tion of mathematics but even in such fields 
the schools are important centers for im- 
provement and advancement at accelerated 
rates. It should also be pointed out that 
in nearly-all engineering fields, advances 
soon earry us into considerations involving 
mathematics, physics, or chemistry. The 
civil engineering schools, associated with 
their respective universities, can provide 
the best environment for these urgently 
needed research advances. We have the 
long-haired scientists and also bright eager 
young men. Both are needed in our re- 
search teams. The civil engineering 
schools should push vigorously forward 
on research and graduate work in order 
to increase the number of top quality engi- 
neering scientists which our foreign pro- 
gram and national security demand. 

Our output of engineering graduates 
will be about 15,000 per year for the 
next several years and at the present rate 
about 10 per cent of these men pursue 
graduate work. When one compares this 
output to the estimated 30,000 engineers 
per year produced by Russia with a level 
of training equal to the M.S. degree, the 


need for maximum utilization of our man- 
power is emphasized. If we have only 
one to every two of the enemy our teeh- 
niques and methods will have to be enough 


-better to magnify our efforts by two. 


More research will certainly be needed in 
order to offset quantity with quality. 

So far our attention has been focused 
upon the need for engineers who can serve 
in an international capacity. The foreign 
students trained here will supply part of 
this need but some of our American-born 
graduates will also be required. By far 
the biggest demand for American-born 
graduates will be in the U. S. itself. Dur- 
ing the entire struggle between the demo- 
cratic and communistie systems for world 
leadership, the United States must remain 
so strong as to discourage conquest by 
force of arms. If such a conquest should 
be attempted we will have to be able to 
subdue the aggressor. 

The work of civil engineers provides 
the environment for the nation’s people. 
Structures, roads, factories, homes, cities, 
water supplies, sewer systems, irrigation 
projects, regulated rivers, and parks are 
some of our products. The life and com- 
fort of the people at large are in our 
hands. Our work if well done will in- 
crease our national efficiency. If there 
was ever a time when national efficiency 
was needed, it is now. We are now short 
of engineers and to do our job within the 
United States we need many more grad- 
uates. 


Our Duties as Administrators 


What then are our specific duties in the 
near future as administrators of civil 
engineering schools? The following are 
given as suggestions for discussion : 


1. Do all in our power to keep the flow 
of engineers coming. Do not let our extra 
efforts disrupt going school organizations. 
Try to increase the number of freshmen 
admitted and try to keep sufficient staff 
members to maintain our schools in 
healthy condition. 

2. Take every opportunity to expand 
the training and experience of our staf. 
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Civil engineering education has become 
somewhat traditional and the pace of our 
advance needs acceleration if we are to 
produce the engineering statesmen and 
engineering scientists called for by our 
times. To meet this need a substantial 
improvement in staff quality is needed. 

3. Shift our outlook from a national 
basis to a worldwide basis. We are not 
building empires but new frontiers have 
opened in every underdeveloped country. 
The development of deserts, jungles, and 
natural resourees for a rapidly expanding 
world population has added many new 
geographical frontiers. 

4. Push forward in graduate work and 
research. Each school should survey its 


In the 


The Fourth Annual Oak Ridge Summer 
Symposium, scheduled for August 25-29, 
1952, will be sub-titled “The Role of 
Atomie Energy in Agricultural Research.” 

As contemplated, a number of sessions 
will be devoted to plant and animal studies 
with atomie energy research tools. Other 
lectures will deal specifically with Carbon- 
14 studies in both plants and animals. 

The symposium is being given by the 
Oak Ridge Institute of Nuclear Studies 
and the Oak Ridge National Laboratory 
under the sponsorship of the University 
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opportunities for advanced work. Do not 
be too frightened of false starts. The 
good old law of supply and demand will 
eliminate such starts after a fair trial. 
We do nothing unless we risk a start. 
Do not be too discouraged by a few 
failures. The process of trial and error is 
at the roots of all that makes America 
great. 

5. In short, our future job is to prepare 
for the tasks of world leadership which 
events of the immediate past have thrust 
upon us. The intensiveness of the present 
“battle for men’s minds” will not permit 
a leisurely preparation. There is no time 
to be wasted. 


News 


of Tennessee-Atomiec Energy Commission 
Agricultural Research Program. 

Additional information may be obtained 
from the University Relations Division of 
the Institute, P. O. Box 117, Oak Ridge, 
Tenn. 


Dr. Raymond John Seeger, formerly 
Chief of the Aeroballistics Research De- 
partment of Ordnance Laboratory at 
White Oak Maryland, has been appointed 
to the staff of the Division of Mathemat- 
ical, Physical and Engineering Sciences 
of the National Science Foundation. 
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The Future Prospects of Improved 
Preparation for College 


By C. E. MacDONALD 
Superintendent, East Lansing Public Schools, E. Lansing, Mich. 


Proper guidance in high school, and 
even in earlier years, can have a great deal 
to do with the high school preparation of 
prospective engineering students. I am 
happy that we are thinking of this as a 
guidance process rather than one of selec- 
tion. The objective is not the elimination 
of the unfit.. The objective is to guide into 
the engineering field those who belong 
there because of ability to absorb and 
make use of certain types of information ; 
because they possess the necessary per- 
sonal qualities; and because, above all else, 
they have a very real interest in the engi- 
neering profession. 

We must be very careful about ruling 
out prospective engineers, particularly on 
the basis of subject grades or standardized 
test results. Technical competence is 
surely required of the engineer, but let us 
not be too certain that high academic 
grades and high test scores assure tech- 


nical competence in the engineer. On the 


other hand, let us be equally careful con- 
cerning low academic grades and low test- 
ing scores. They do not always mean low 
ability. 

I recently came across an article written 
by Harvey Zorbaugh, Director, Counseling 
Center for Gifted Children, New York 
University, in which he points out the 
dangers inherent in the belief that we 
can spot people of promise while they are 
still in school by their grades and their 
scores on I.Q. or aptitude tests. He feels 
that there is real danger in the extent 
to which this belief is being accepted in 
our national life. 

Experience points out that many in- 
dividuals possess, or later develop, other 
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talents and qualities, such as ambition, 
drive, leadership, character, and the 
faculty of working well with other people, 
which cause them to be outstandingly sue- 
cessful. Henry Ford II failed in his Yale 
engineering course. Subsequent events 
proved this to indicate a lack of interest at 
that time, rather than a lack of ability. 
Charles E. Wilson of General Electric 
never finished high school. One could cite 
such cases almost endlessly. 

Several great dangers exist in using 
grades and test scores as the primary basis 
to be used in guiding high school youth 
into the field of engineering: 


1. Low grades may indicate lack of in- 
terest rather than lack of ability. 

2. Poor teaching and low motivation 
ean acount for lack of interest. 

3. Outside factors can affect examina- 
tion and test scores. 

4. High academic ability does not of 
itself assure success in the engineer- 
ing field. 

5. Many gifted men have shown little 
indication of their ability in school. 


Guidance Program 

No doubt I am taking too much time 
to say things which have already been 
said. But what I have said about guidance 
indicates a great deal for our high school 
preparatory program. One might say 
that there are three vital parts of a pro- 
gram. They are: 


1. Guiding young people. This involves 
use of all available data; and creat- 
ing an interest on the part of qualified 
students. 
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2. The program itself. What are the 
objectives of the program? What 
are the possibilities in each individ- 
ual school’s program? 

3. The program in operation. Is it well 
carried out? How may performance 
be improved? 


A high school guidance program for 
prospective engineers has been very ably 
presented. My concern is that we use a 
broad basis in guiding students into engi- 
neering; that we be very reluctant to say, 
“You are not qualified.” 

I hope, also, that we have a broad point 
of view concerning our preparatory pro- 
gram. Nobody thinks more highly of 
technical competence than I. There is no 
question in my mind concerning the need 
for mastery of the subject matter of the 
field. One must have tools with which to 
work. 

Individual schools will vary greatly con- 
cerning the extent of the information they 
are competent to handle. Teachers vary 
in knowledge and ability. Schools vary 
in scope of instructional materials. Peo- 
ple responsible for planning vary in 
vision. The small school is likely to be 
at a disadvantage in regard to courses 
that can be offered. 

This is indicated in a recent publication 
of the Bureau of School Services, Univer- 
sity of Michigan. It is entitled “Program 
of Studies of 176 Michigan North Central 
Secondary Schools.” 


Variations in Science Units 


Let us look at the science units offered 
in these schools. Three and four are 
average. I presume that this means 
Biology, Physics, and Chemistry, and Gen- 
eral Science, in addition, when four units 
are offered. However, we find approved 
schools offering but one or two units in 
science. At the other end of the scale, 
we find schools offering as high as eight 
units. We can readily observe the great 
variation in the amount of information 
offered. 

Strangely enough, there is considerable 
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variation even in schools of comparable 
size serving the same types of areas. 

In the field of mathematics, the same 
story is told. Just considering our high 
schools with over one thousand enroll- 
ment, we find a range of from three to 
ten units in mathematics offered. A num- 
ber of the small high schools offer as few 
as two units in the field of mathematics, 
presumably algebra and geometry. 

It seems obvious that many high schools 
might well give attention to basic offerings 
in science and mathematics. But the road 
is not easy. Our state department of pub- 
lie instruction has long advocated con- 
solidation of small school districts, so that 
richer school programs might be offered. 
More financial resources would enable a 
district to provide necessary facilities, and 
to pay the necessary salaries to attract 
competent instructors. 

But take the large high school backed 
by a well-to-do school district. How 
explain the meager offerings sometimes 
found in these schools? Obviously the 
students are not asking for extensive 
preparation in science and mathematics, 
the fields we are considering. Why? 
Very likely because they see no need for 
them. Possibly a strong guidance pro- 
gram could awaken them to the great pos- 
sibilities they are overlooking. Doubtless 
many strong prospective engineers are 
being overlooked. Also, students are prob- 
ably avoiding these courses because of the 
way they are being taught. If the pro- 
cedure is to assign the learning of facts 
and information, unrelated to any vital 
student concern, it is not surprising that 
they stay away in droves. I shall have 
more to say later about the effectiveness 
of our teaching. 


Mastery of Fundamentals Necessary 


My conclusion would be that all schools 
should concentrate on mastery of the 
fundamental principles of mathematics 
and science in the high school years, and 
then offer such advanced courses in the 
field as facilities permit. At least one 
over-all unit concerning itself with the 
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various engineering fields might well be 
offered. 

We want professional competence in 
our engineers. Certainly we all agree. 


But what else? General Somervell says: 


that the second thing that the engineer 
must be able to do is to “take his place in 
the organization that he joins.” He must 
be able to get along with other people. If 
he is to go very far in his chosen pro- 
fession, he must also be able to handle 
people. I doubt that many of our high 
schools have spent sufficient thought on 
ways of preparing engineers to develop, 
or helping them to develop, this greatly 
needed ability. I suspect that many engi- 
neering schools have done less. 

The engineer must understand the eco- 
nomics of our life. , He must be acquainted 
with general principles of Business Ad- 
ministration. In most high schools this 
probably means the course in economics 
as preparation for further courses. 

Engineers do not live in a vacuum. 
They need common abilities that we try to 
develop to the extent of each individual’s 
abilities. Engineers need to be competent 
in communication skills. They, as much 
as any, need to know our history and tradi- 
tions. Engineers require some cultural 
background if they are to live fully. 
Engineers share the responsibility of all to 
play some part in improving their com- 
munity, their state, their nation, their 
world. 

Since these are common skills, the high 
school seeks to prepare all in regard to 
them. But let us not fail to see them as 
necessities in preparing the engineer, 
among the others. 

There is, assuredly, plenty of room for 
improvement in our high school programs 
for preparing prospective engineers. We 
must, first, give the student all the per- 
sonal development possible. This is true 
in the cases of all of our students. The 
schools exist primarily to do their utmost 
to prepare people for living, for citizen- 
ship—whether it be as engineers, doctors, 
lawyers, writers, farmers, secretaries, la- 
borers, or housewives. It is the schools’ 


second function to guide young people 
into a suitable life work, and to do all 
possible to prepare them for that life 
work. 


Hope for Advancement 


One of the greatest hopes for advance- 
ment in the content of our preparatory 
course lies in the ability of high schools 
and professional schools to get together 
in planning the objectives and developing 
the material for the courses. 

In Michigan our College Agreement 
Plan has found a means of high school 
and university and college coming together 
to plan for the common good of the stv- 
dent. It has already resulted in changes 
in high school programs. I even know 
instances where it has resulted in program 
changing on the higher levels of education. 

Perhaps the greatest future prospects 
of improved preparation for college are 
contained in the third step I mentioned. 
That is, the actual operation of the in- 
structional program of the high school. 
We can reach agreement on the objectives 
of our guidance program and how it is to 
function. We can, possibly, reach agree- 
ment on the objectives of our preparatory 
program and how it should be set up. 

But when it comes to operating these 
programs, we are dependent upon teach- 
ing. The best of programs will be ineffec- 
tive in some hands. Basically, the in- 
provement in preparatory courses must 
come through improved instruction. 

The first step in good instruction is to 
arouse interest. Students do not learn and 
retain knowledge without motivation. If 
we content ourselves with motivating stu- 
dents by telling them that they must ab- 
sorb such and such information to be 
come good engineers, we shall make n0 
progress toward improving our preparé- 
tory courses. If, on the other hand, we 
use the problem-solving technique in teaeb- 
ing, we shall draw the students into 4 
challenging situation. They will be m= 
terested because they have a part in defit- 
ing the problem; suggesting solutions; 
examining the suggestions by means of the 
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subject matter of the field; and in further 
observation and experiment leading to ac- 
ceptance or rejection of the solution. In 
short, we must make our preparation much 
more realistic. 

I suppose what I have just outlined con- 
stitutes the “engineering method.” What 
I am saying is that we should use this 
teaching approach to interest our students 
in the subject matter, and to discover the 
students capable of using the engineering 
approach to problems. 

In my opinion, our preparatory pro- 
grams for engineering students are weak 
in that we stress the acquiring of subject 
matter above the development of the’ abil- 
ity to attack problems in a logical manner. 
We confuse the ability to read, to listen 
and retain, with the ability to think. Sub- 
ject matter may always be looked up. 
There is no place to turn to look up in- 
formation that may be substituted for the 
lack of ability to attack a problem. 

Abandon subject matter? Of course 
not. But let us make use of it to stimulate 


PROSPECTS OF IMPROVED PREPARATIONS FOR COLLEGE 435 


the imagination of our prospective engi- 
neers; to arouse their curiosity; and to 
develop their analytical ability. And let 
us not forget that the engineer needs to 
develop common qualities essential to sue- 
cessful living for any of us. 

I sincerely believe that we can improve 
our high school preparatory courses 
through: 


1. Better guidance practices. 

2. Improved offerings concerning the 
subject matter of the field. 

3. Setting up as our objective the de- 
veloping of imagination, curiosity, 
and logical thinking processes. Us- 
ing the subject matter as a means of 
attaining these ends. 


This will call for improved facilities 
and improved teaching. As a school ad- 
ministrator, I regard it as my responsibil- 
ity to try to create a school situation, a 
school atmosphere, in which these things 
can happen. 


College Notes 


A three-day Conference on Soil Stabil- 
ization will be held at the Massachusetts 
Institute of Technology from June 18 to 
June 20 to examine current problems in 
stabilization treatment. 


Baldwin-Lima-Hamilton Corporation 
has completed installation of a 600,000-Ib. 
testing machine in the new Structures 
Laboratory for Civil Engineering and 
Engineering Mechanics at Purdue Uni- 
versity. It is a part of a modernization 
projeet that will ultimately cost about 
$3,500,000. 


A special program in Infrared Spee- 
troscopy will be given from June 16 to 
June 27 during the 1952 Summer Session 
at the Massachusetts Institute of Tech- 
nology. 


George F. Carrier has been named 
Gordon McKay Professor of Mechanical 
Engineering in Harvard University. He 
is now at Brown University, where his 
work has been in applied mechanics, espe- 
cially in fundamental problems in elas- 
ticity and fluid mechanies. 
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Economics and Engineering Economy 
Their Relationships and Their Value to Engineers* 


By BILLY E. GOETZ t 
Professor of Business Administration, Antioch College 


Eleven years ago I spoke to the Engi- 
neering Economy Section on the use of 
economic logic by engineers confronted 
with problems of engineering economy. 
Today I want to discuss some broad areas 
of greatly increased importance in which 
economics can contribute data as well as 
logie to the engineer’s attack on such 
problems. 

Many, if not nearly all, of manage- 
ments’ problems of policy formulation, of 
choice of resources, of product design, of 
organizational planning, and of selection 
of methods and procedures can be sub- 
sumed under the classic question of engi- 
neering economy—will it pay? In ap- 
proaching such problems today, the man- 
ager and the engineer find the factors to 
be considered so changed in content and 
in relative importance as to make his 
world rather new, strange, and somewhat 
forbidding. Most of these new, or newly 
important, factors have arisen within the 
areas studied by economists. Consequently, 
economics has a new and somewhat dif- 
ferent contribution to make to engineers 
and managers struggling with “will it 
pay” problems. Since nothing is really 
new, we will find that some of these fac- 
tors have been around a long time, but 
recognition of their importance has been 
delayed, and they have not yet been 
adequately worked into the literature of 
engineering economy. 


* Presented before Engineering Economy 
Committee, June 27, at Lansing, Mich. 

t Professor of Business Adminstration, 
Antioch College. 

t‘‘The Relationship of Cost Accounting 
and Engineering Economy,’’ Journal of 
Engineering Education, April, 1941. 
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How will creeping (or is it faster than 
that?) inflation affect the relative desir- 
abilities of alternate programs? How do 
taxes, present and prospective, affect 
choices among rival plans? How do 
governmental regulations, current and an- 
ticipated, change the terms of engineering 
economy problems? These questions are 
conspicuous by their absence in the litera- 
ture of engineering economy, and by their 
omnipresence and dominating quality in 
the thinking of managements. Econ- 
omists have spent much time and written 
many articles and books on these subjects. 


The Effect of Inflation 


First, what does inflation do to engi- 
neering economy problems? Obviously, a 
persistent inflationary trend tends to 
cause a shift in time preferences. Buyers 
tend to anticipate their needs. They build 
bigger, and stock larger inventories, be- 
cause later things will cost more. Perhaps 
this can be taken into account merely by 
changing the rate of interest used in the 
compound interest formulas by means of 
which time preferences are so elaborately 
woven through engineering economy stud- 
ies. Such an attempt runs into a curious 
dilemma. If inflation becomes much more 
pronounced, managers may be willing to 
pay exceptionally high interest rates to 
get money with which to buy goods in 
anticipation of continued violently in- 
creasing prices. But exceptionally high 
interest rates in the compound interest 
formulas tend to give answers favoring 
postponement of expenditures. Evidently 
the formulas contain an implicit assump 
tion of constant price levels. 

In times of inflation, managerial at 
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titudes toward borrowing and investment 
change. Capital outlays at present prices 
ean save labor—can reduce labor hours— 
in the future when wage rates will be still 
higher. By spending on one price level, 
future savings on a higher price level may 
be obtained. Moreover, high taxes make 
growth by plowing back of earnings dif- 
fieult; accelerated depreciation makes pos- 
sible tax savings; and renegotiation en- 
courages the accumulation of secret re- 
serves. All this tends to make manage- 
ments more willing to finance expansion 
out of borrowing. After all, if a manage- 
ment borrows $100,000 to increase its 
inventory (speculation?), and if the price 
rises by 12% in one year, why should such 
a management balk at an increase in in- 
terest rates from 4% to 5%, 6% or even 
10%? But, if the compound interest 
formulas are to give such answers, the 
interest rate used will have to be much 
smaller! If the flight from the dollar 
reaches the stage of galloping inflation, 
the interest rate used in compound-in- 
terest, engineering-economy studies may 
have to approach the vanishing point. 
This means the interest rate used in such 
calculations can have no relation to actual 
interest rates or to interest rates managers 
are willing to pay to get money to spend 
now rather than later. 

Such considerations indicate the need 
for adjustments of historical cost data. 
To solve a problem in engineering econ- 
omy correctly, the engineer must turn 
prophet; he must predict prices. Eco- 
nomies can help him define his problem, 
to understand its nature, and to solve it. 
What is the outlook for more inflation? 
An inereasing population tends to pro- 
duee and to consume more goods, and the 
supply of money will have to be increased 
or prices will fall. Increasing productiv- 
ity per man hour inereases the supply of 
goods to be exchanged by means of the 
available supply of circulating medium. 
This, too, indicates a need for a gradual 
inerease in money and bank credit to 
avoid price declines. On the other hand, 
government deficits increase the supply of 
money and, through the way in which 
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they are financed through the banks, tend 
to increase the supply of bank deposits. 
So far at least, the Federal Government 
has found no difficulty in increasing the 
supply of money and credit fast enough 
to keep pace with a growing population 
and an improving technology! Nor does 
it seem likely that this state of affairs will 
change soon. Taxes have grown so great, 
and impinge on so large a part of the 
voting population, that politicians are re- 
luctant to increase them further. But war 
and preparation for war, the welfare 
state, the welter of private interests seek- 
ing subsidies, and the general decline in 
the efficiency of a top-heavy and rapidly 
growing federal bureaucracy seem to 
guarantee ever-increasing governmental 
expenditures. Further inflation seems al- 
most guaranteed for the foreseeable 
future. 


The Impact of Taxes 


Secondly, what does our amazing tax 
structure do to engineering economy prob- 
lems? With the Federal Government tak- 
ing almost two-thirds of the profits of 
business in the income tax alone (includ- 
ing surtax), and coming back for a second 
helping of from around 20% to as high as 
90% of the remaining third when the 
business pays dividends, taxes have be- 
come a major expense item rivaling mate- 
rials and wages. Managements show a 
strong preference for expenditures that 
can be deducted in computing profits on 
which taxes must be paid. The consulting 
engineers and the advertising fraternity 
have made a bonanza of this preference. 
Their services score as expenses and are 
currently deductible. Benefits obtained 
presumably continue far into the future 
—they are real assets, secret reserves. If 
an engineering study and a new machine 
involve equal outlays and offer equal sav- 
ings, the deductibility feature of the engi- 
neering study gives it the manager’s pref- 
erence. 

Another aspect of taxes and contract 
renegotiations that produce an Alice ‘in 
Wonderland world for the engineer bent 
on doing for $1 what others do for $2 is 
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the attitude of managements spending 
“4¢ dollars.” On a consulting job, I tried 
to get priority for my project by pointing 
to its cost in consultant fees. “Let’s get 
it done as quickly and as economically as 
possible,” I urged. “Why?” said the 
manager, “You’re deductible. 80% of our 
business is on war contract where we will 
be renegotiated down to a profit of around 
10% on sales. On that 80%, you don’t 
cost us a thing. On the remaining 20%, 
we are in the 80% tax bracket, so the 
government pays 16% and we pay 4%. 
When we pay your bill, we are spending 
4¢ dollars.” 

Where does this take us? One task 
that interfered with progress on the con- 
sulting job just mentioned was a re- 
negotiation. In the middle of a war, with 
dreadful urgency for production, the six 
top executives of this war contractor, and 
their management consultant, took three 
days off to write a brief objecting to the 
profit allowed by a preliminary hearing 
officer. We took three days off from war, 
our costs were themselves deductible and 
therefore came out of the government’s 
share of the company’s profits; and in 
those three days, eight men earned as 
much money as the 1500 employees of that 
company earned in a whole year! We got 
the appeal board to double the % profit 
allowed. Of course, the government got 
80% of this extra profit back under the 
regular income taxes instead of getting 
the whole of it by renegotiation. 

Other queer things happen to economy 
studies because of the incidence of taxa- 
tion. An economy study shows it to be 
desirable to get rid of ancient machinery. 
A tax ‘study shows that it had better be 
kept until a year of greater profits arrives 
when the deduction will be more useful. 
Naturally the tax study takes precedence 
over the engineering economy study. It is 
dealing with more important factors! Of 
course, if the economy study went into 
the comparison of alternatives as far as 
it should, it would include all the tax 
computations, and its answers would then 
turn out to be the right ones. 


Governmental Regulation 


Thirdly, what does governmental regy. 
lation do to engineering economy studies! 
Obviously, it sets limits to the available 
alternatives. Copper may be cheaper, or 
better, but it may also be restricted. Hir. 
ing more labor may pay so handsomely 
that we are willing to raise wages sub- 
stantially to get the extra men; but a 
government board may forbid such con. 
duct. We may want to expand our plant 
facilities, but be unable to get a certificate 
of necessity which would enable us to d 
so. We may be pushed into suspending 
production of our cheaper lines becanse 
the government has frozen all prices ani 
we get larger profits from our more ex. 
pensive products. 

Here, again, economies not only helps 
define the problem. It also supplies a 
basis for forecasting. All products, and 
all resources, are interrelated through an 
amazing network of prices. General 
movements—rising or falling average 
prices—depend upon general fiscal factors 
such as were discussed under inflation 
above. But within such general move 
ments there are many eddies. Some prices 
move much farther than the average, 
others move counter to movements in the 
general price level. And some prices att 
much more closely related than others. 

First, there are derived demands, de 
mands passed on from one stage of the 
production process to a preceding stage. 
Thus, the consumer demand for auto 
mobiles becomes in turn a derived demani 
for steel. Whatever happens to the pri 
of steel tends to be reflected in what hap- 
pens to the price of automobiles, and vice 
versa. By noting such economic reli 
tionships, and watching for the fir 
changes, subsequent changes can often be 
foretold with some accuracy. 

There are joint demands; demands ft! 
products used together: shingles atl 
shingle nails, automobile carburetors av! 
windshields. When a glass factory # 
Pittsburgh shut down, an automobile fae 
tory in Detroit soon ran out of windsbielis 
and shut down its assembly lines. Soo! 
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its inventory of carburetors piled up and 
compelled it to defer delivery schedules, 
which it turn soon closed a carburetor 
factory in South Bend. In general, an 
inerease in price of one item in a jointly 
demanded group tends to raise the price 
of the group, which tends to reduce the 
quantities purchased, which tends to force 
down the prices of the other components 
of the group. This is obviously something 
quite different from the general ups and 
downs of the price cycle, and not con- 
trollable by the fiseal policies of the 
federal government. 

Similarly, there are joint supplies; e.g., 
byproducts. An increase in the pricé of 
one of the joint products tends to increase 
the quantity produced, and the increase 
in quantity of the other joint products 
tends to depress their prices. 

There are rival demands. When war 
industries bid up the prices of steel, 
copper, wool, ete., the competing users 
must raise their offers or do without. 

And there are rival supplies. Kellogg’s 
Cornflakes and Post Toasties, to take 
commodities from this neighborhood, are 
rather close rival supplies. Different 
breakfast foods are more distant com- 
petitors. Other foods represent inter- 
industry competition one more step re- 
moved. Finally, all foods compete with 
other consumers’ goods. It is alleged that 
stenographers on Wall Street or on La- 
Salle Street starve themselves in order to 
save money to buy clothes, and perhaps 
incidentally to fit the clothes they want 
to wear. 

These interrelationships may help in 
predicting many changes of governmental 
policies and regulations. For example, if 
price controls sueceed in holding down or 
lowering prices, we know from theoretical 
considerations that quantities demanded 
will exceed quantities supplied. Either 
rationing will be necessary, or the com- 
modity will largely disappear from the 
market. This, of course, leads to much 
waste of time standing in queues. Nor 
do the strong pronouncements of a prac- 
tieal-politician price controller change this 
matter one iota. 
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Furthermore, black markets are bound 
to appear whenever the difference between 
the official price and the black market 
price is sufficient to absorb the costs of 
evading law enforcement. And this is 
true of smuggling, and of moonshining, 
as well as of the black market. 

Rival supply considerations should 
warn a price controller that fixing a price 
on one commodity almost insures the ne- 
cessity of controlling the price and ration- 
ing the supply of all close substitutes. 
Almost any price fixing and rationing 
tend to reach out through joint demands 
and supplies, derived demands, and rival 
demands and supplies to more and more 
commodities until virtually all important 
commodities must come under the price 
fixing code, with rationing to match. 

Finally, the theory of inflation should 
warn price controllers of the need to 
reduce inflationary pressures if official 
prices are to remain close enough to free 
prices to make black marketing too costly 
for so narrow a gross margin. 


Summary and Conclusion 


To summarize and conclude; inflation, 
taxation, and governmental regulations 
are newly important factors in many man- 
agerial problems of choosing from among 
alternate policies, product designs, pro- 
duction methods, or productive agents. 
These factors are now neglected in the 
literature of engineering economy, but 
not by economists nor by managers. If 
the engineer continues to ignore them, he 
must reconcile himself to seeing his re- 
ports filed in the round file; he must 
reconcile himself to wasting time and 
money producing reports of little value. 
Probably problem solving is becoming a 
matter for teams comprising a variety of 
specialist experts: an engineer, a tax ac- 
countant, an economist, a lawyer, and God 
knows what next! But these experts 
must establish effective communication 
among themselves or the teams cannot 
function. That means each must have 
considerable understanding of the prob- 
lems, the terminology, and the techniques 
of the others. 
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How the Library Can Serve 
Engineering Students* 


By JOHN H. MORIARTY 


Director of Libraries, Purdue University 


Among American people with school- 
ing, the presence and use of library facil- 
ities are so taken for granted that their 
nature is not often considered. The pur- 
pose of this presentation is to try to jolt 
you into taking a fresh look at your 
library and the use that you and your 
students make of it. 


The Library as Machine 


Basically your libraries are machines 
for serving up books, just as houses are 
machines for living and cafeterias are 
machines for eating. To the gentle hu- 
manist this has a sacrilegious tone. He 
feels the library is the heart of the campus 
or the treasury of man’s spiritual life. 
He probably also thinks of the moon as 
the queen of the night, rather than a 
satellite of the earth, 238,840 miles distant. 
But the astronomer and the librarian have 
to take the materialistic attitude, and the 
approach to the library as a machine 
has very real values. 

A second important concept, not often 
faced by even the librarians, is that the 
American library is normally a self-serv- 
ice machine. Consider your own library 
experiences. As a little tot you went into 
the children’s room of your local Carnegie 
Library and pulled the easy books off the 
sloping tables; as a young adult you used 
your high school or public library shelves. 
In college, you went into the library, 
spotted the ABC catalog, made out a 
slip, passed it without a necessary word 

* Delivered at a conference of English 
Division at the ASEE Annual Meeting at 
East Lansing. 
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to a dead-pan clerk and received either 
your book or checked notice describing its 
absence from shelf. It was and is all just 
as mechanical as.that. And being Amer. 
ican and democratic and used to fending 
for yourself, you probably really like it 
that way. I was talking of this to: 
friend of mine, a columnist on a larg 
midwestern paper. He told me a story m 
himself, about a use he made of a city 
library. At 60 years old and the father of 
a 35 year old son, he remarried. The 
lady was in her forties and a pleasant 
companionship was anticipated. Insteai 
at 62 he found he was to become a father 
again. He was mad at the very idea ani 
disregarded the whole affair as much as he 
could. On the birthday he assured hin- 
self only of his wife’s satisfactory condi- 
tion and let the matter drop. After about 
three days, on a visit to his wife it dawnei 
upon him that he didn’t know the baby’ 
sex. The more he thought of it the mor 
aghast he became. He listened to hi 
wife’s talk to the nurse, to the doctor 
All of them maddeningly referred to the 
baby or the child. He left the hospital 
terrified lest he meet one of his friends 
and be forced to reveal his indifferent, 
which he now saw was sheer evil. Beit! 


an old newsman he headed for a new) 
paper office but found it was so late thi | 


the back issues room was closed. He 
standing bewildered in the street whe 
suddenly he realized he was in front ¢ 
the Public Library. He had it, it 
solved. In he hurried and got in line 
wait for a paper. “And,” he said to 
“if one of you snoopy librarians had askt! 
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me why I was there, I’d have knocked you 
down.” 

But this realization of the library as a 
self-service machine puts upon the user 
and the librarian certain very specific re- 
sponsibilities if the educational effect of 
the communication potential in libraries 
is to serve the user for his betterment. 
This paper is to lay out before you one 
special corner of this big problem, namely 
certain peculiar responsibilities of the 
engineering teacher and engineering li- 
brarian within the general situation. 


Redesign of Library Service 


The standard practice in getting a ma- 
chine for self-service into general use is 
to make a market survey of the potential 
customers and their peculiar problems and 
to design the machine to take into ac- 
count these findings, and this, of course, 
in addition to the regular laws of mechan- 
ies which it must obey. And once you 
have done so, then you institute a sales 
campaign to educate the public to handle 
and exploit the machine. The telephone 
industry illustrates pretty well what I am 
describing. 

What has happened to the marketing of 
the library as a self-service machine for 
engineering education is a sad, sad ex- 
ample of how—in any economic world—to 
go bankrupt in a hurry. No fundamental 
study of the nature of engineering use of 
documentation has ever been made. The 
engineers are not naturally subjective; the 
librarians have not left off tending the 
machines long enough to study their ef- 
feet. As President Edward C. Elliott of 
Purdue once thundered at me: “The 
trouble with you librarians is that you 
don’t know what your libraries do to 
people’s minds!” And he was right. 
What we have done, for lack of basic re- 
search, is to improvise and patch. And I 
for one am tired of worrying about the 
bare backsides of engineering education 
which shows through the patches and 
I’m going to ask you to look at them with 
me, hoping some of you can figure out 
how to stretch and mend what we have 
to make a better fit for our needs. 


441 


Break between Classroom and Library 


The sharp gap between the classroom 
and the library is one big hole in our 
educational front. The path to our pres- 
ent situation goes back some fifty years or 
so. Up to 1900, the small college library 
was usually a side or extra job for some 
professor. At Purdue University at that 
time the Registrar was librarian too. But 
at the turn of the century a crisis was 
reached. Printing presses, based on new 
printing technology, began to roll; Science 
and especially the Social Sciences began 
to record reams of data never before put 
down—for example the U. S. census of 
1870 occupies one foot of shelf; for 1880 
the census volumes cover six feet of shelf. 
The poor professors, registrars, deans, 
began pounding on college presidents’ 
desks, demanding relief, help with the 
mess. They got it; young women trained 
in library techniques took over, tidied up 
the mess in a few years, to the intense 
relief of the administrators. In the ad- 
ministrative relief, nobody stopped to con- 
sider that the contact with the teachers 
and the class room problems and the rela- 
tions of classroom to library usage, were 
sacrificed. They were sacrificed, and as 
libraries grew in size, the break between 
classroom and library widened. 

Now, let me reiterate that nobody was 
malicious or willfully withholding help or 
service. All were caught up in a social 
problem. Libraries, like it or not, were 
turned into machines I have described. 
The huge bulk of literature demanded 
machine precision in handling. Its 
growth was so rapid as a social phe- 
nomenon that the size of library staffs 
never got to match it or secure even com- 
plete mechanical coverage of the material 
pouring in (the Library of Congress has 
a backlog of 1,250,000 magazine issues 
unrecorded. The Nuremburg War Crim- 
inal Trial Records, which occupied a full 
carload going from the ship in New York 
to Washington, naturally haven’t yet been 
organized). And the presses roll. 

Now the best minds in our field of 
librarianship are naturally in these large 
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research libraries. If they are over- 
whelmingly pre-occupied with the raw and 
material problems of physical control, who 
is left to consider human use and service 
of this material on a high plane? Cer- 


tainly the young girls who come into the - 


library field for two years, five years and 
then leave really never catch ‘the vision 
at all. 

And there would be some hope for our 
problems if readers who use the library 
were more critical. 

But most Americans are too active to 
be really bookish people or to haunt li- 
braries and when, occasionally they do 
venture into the beautiful mausoleums of 
our large campuses and cities or into the 
department store type library in the small 
towns, the average American has a sort of 
lost feeling. Take the poor student who’s 
been told to write a theme of his own 
choice. He wanders from shelf to shelf; 
he toys with the catalog, and finally, he 
sidles up to the janitor or charlady and 
says almost off the side of his mouth, 
“You got anything here on rockets?” And 
when his teacher does send him to find 
some one thing, the situation often isn’t 
any better. I’ll cite an actual case. A 
student caught me on the run one day and 
said Prof. M. wanted him to read a 
biography of Roger Williams by Vernon 
Parrington and had said that the Library 
did have it. He counldn’t find it. Well, I 
did know that Vernon Parrington’s death 
twenty some years ago at an early age 
with his great work entitled “Main Cur- 
rents of American Thought” still unfin- 
ished is a prime intellectual loss to our 
country and that Parrington had written 
too little else. I felt that if he had done 
a Roger Williams biography, it would be 
a valuable item on Williams. So I went 
and looked in the Dictionary of American 
Biography under Williams and in the 
list of works about Williams, I found 
Parrington listed not as a biographer but 
with the reference to Volume I of the 
“Main Currents” which has the separate 
title “The Colonial Mind” and has about 
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100 pages on Williams. This was ob- 
viously the biography meant by Prof. M, 
but how a boy of 19 was supposed to find 
it with what research skill he had, I con- 
fess I do not know. 

I do know that there is a bad gap 
between what orientation to further study 
is given to students in the class room and 
the situation they face when they walk 
into the library. And I know that every- 
one of you people has as a student faced 
that too. 


Engineering School Library 


The gap between classroom and library 
that I have so far described would be as 
true of a liberal university as of an engi- 
neering school. The engineering school 
library has all such general weaknesses 
because as the professional engineering 
school has developed there has been merely 
a transfer to it of the library practice 
used for the humanists and the social 
scientists, with hardly a thought that an 
engineering school would require anything 
peculiar by way of documentation service. 
The engineering faculties certainly didn’t 
ask for anything different. What they 
and their students have done is simply to 
stay away from the libraries. In its way, 
this absence can be as bitter a complaint 
as ean be lodged. 


Library Absenteeism 


What was and is back of this library 
absenteeism? The students stay away 
because the engineering faculty do not 
send them to the library. The engineer- 
ing faculty do not send them to the library 
because it has been the nature of technical 
men when pursing knowledge to enquire 
first personally of someone else who may 
know. Next, they will test a hunch of 
theirs in the laboratory. And finally and 
only finally will they try consultation of 
the literature, which has seemed to them 
the least desirable. So you see, the engi 
neering faculty has not sent students to 
the library because the faculty, following 
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its two favorite methods, personal ex- 
change between student and instructor and 
laboratory work, has felt these are enough 
for all ordinary undergraduates. The 
ordinary engineering undergraduate has 
agreed heartily. 

The undergraduate’s main use of the 
engineering school library has been gen- 
erally forced upon him by his non-tech- 
nical electives. His instructors in English, 
Speech, ete. are usually the ones who send 
him to the library and thus all too often, 
as by a vicious followup punch, he comes 
to see the written record as having little 
to do with his major interest, engineering. 

Why do I say “vicious”? Is this just 
because I am a librarian and want more 
eustomers? No, it is not; though I won’t 
pretend to disinterest. I feel it is vicious 
because it imposes a habit toward knowl- 
edge that sets a young engineer’s career 
back anywhere from five to ten years. 

One glaring fault with all this engineer- 
ing school picture is the almost total 
failure to teach the regular reading of 
technical journals as a device of profes- 
sional education, particularly of profes- 
sional self-education. 

You all know that no active professional 
or business man can keep up today who 
does not read through at least two pro- 
fessional or trade journals a month. The 
technologies, more even than other fields, 
are documented almost completely by the 
journal article. This is a phenomenon of 
the last fifty years and in many ways our 
educators do not yet face its meaning. 
And by this I indict the librarians equally 
if not more than the engineering or other 
faculties. We have acted as though the 
journals were step-children. We solemnly 
buy, . . . new, texts and monographs with 
data that are anywhere from two to five 
years obsolescent. We have spent catalog- 
ing and shelving costs on as many as fif- 
teen copies of a textbook, when if an in- 
structor had wanted fifteen subscriptions 
to one journal for a class we would have 
gone hot-foot to a dean or president to 
have that man stopped. We buy one sub- 
scription, guard each issue fiercely to pre- 
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vent any loss of numbers, bind them up 
promptly, and refuse then to circulate the 
bound volume. I confess all this because 
I feel just as apologetic for library prac- 
tices which prevent students’ education as 
many an engineering teacher has told me 
he felt about his students’ faliure to learn 
to use the literature. 


Engineering Documentation: 
Now and Later 


As engineering education in our ex- 
panding technology becomes more and 
more an introduction to fundamentals and 
less and less an exercise in current prac- 
tice, the student needs increasingly a cor- 
rect orientation toward how he can himself 
diseover current practice. His future ex- 
perience as a successful engineer facing 
a new problem will typically be to move 
(1) from the general awarenes of up-to- 
date methods which regular reading in his 
own monthlies such as Mechanical Engi- 
neering or Civil Engineering or some 
other may give him on to (2) specific 
journals such as Materials and Methods 
where either articles or advertisements 
will lead him to (3) catalogs, company 
handbooks, or direct contact with sales 
engineers. 

This experience is one that every stu- 
dent engineer should have, not once but 
often enough in his distinctly engineering 
courses that it becomes for him a set pro- 
cedure. Beyond this he should have built 
up by his engineering teachers a literature 
attitude which is contemporary. 

The classic attitude of personal con- 
sultation and laboratory testing which I 
have described above as typical is as of now 
becoming an old-fashioned and small com- 
pany or one-engineer-in-the-firm kind of 
attitude. The larger companies are de- 
veloping for themselves company libraries 
sometimes of several thousand volumes. 
But often these shelves of books may be 
quite lacking or a bare half dozen. 
Rather the room will be crowded with 
filing cases holding engineering reports, 
clippings, specification sheets, patents, 
and data sheets of all sorts. The librarian 
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of such a company will be almost com- 
pletely receiving, scanning, and abstract- 
ing a hundred or more journals which will 
then be circulated among the engineering 
or administrative staff. 

This is the industrial documentation 
which our young engineer must face and 
for which neither academic lecture, lab- 
oratory nor library prepares him. By a 
youngster engineer in a company the 
right attitude and apt use of such an in- 
dustrial library can markedly shorten his 
induction period and give critical boosts 
in meeting his competition. But the aver- 
age young engineering graduate is rarely 
prepared to understand or to exploit such 
industrial opportunity. Some of the long- 
standing sorrow over poor report writing 
might be alleviated if the students could 
be motivated by an appreciation of Amer- 
ican industry’s use of the engineering re- 
port as industrial documentation and rec- 
ord. Certainly little he sees in academic 
libraries prepares him for such apprecia- 
tion. 


Ways Out of Our Dilemmas 


Now I know many an engineering 
school librarian will say that no one ever 
urged him to adjust his library practices 
so that it will teach students to be at home 
in an industrial library. And there will 
be numbers of instructors even of engi- 
neering who will see little point to such 
a set-up spoiling the nice sedate and con- 
ventional library to which they are ac- 
customed. Actually too overwhleming 
a revolution is not required. Industrial 
firms have often quite handsome libraries. 
The real revolution is a recognition that 
the record, the documentation, the litera- 
ture or what you will has today a part 
to play in technology’s evolution which 
men trained twenty-five years ago can 
hardly appreciate. The great industrial 
firms have set the pace, determined not to 
infringe patents or duplicate design or 
work. The librarians however have been 
no leaders in observing and bringing these 
new developments into their schools as 
part of their offerings. But the crust of 


conservatism is breaking. The engineer. 
ing faculties are beginning to experiment; 
the librarians are beginning to bend their 
practices to fit their users. What then 
should the progressive engineering school 
library do for the student? I will close 
with a brief plea for action on three 
strategic fronts—the quarters or physical 
setting, the collection or stock, and the 
staff. 

The quarters, the library rooms, have to 
be adapted to man, and not demand that 
man be neurotically quiet, restrained, and 
unnatural while at study. Small symptoms 
of such improvement would be the pr- 
vision for smoking, conversation that 
didn’t distract others, enough space to 
spread papers, booth-like arrangements 
giving a sense of privacy, freedom to slip 
off shoes, drop your head for a nap, and 
other provisions that would make a man 
feel at home. Old line librarians will be 
seandalized at such unseemly public be- 
havior. T’ll put up with it and worse if 
it will contribute one iota to make better 
prepared engineers. The public polish is 
a superficial refinement that can and wil 
come later. The library should be a place 
to study, tailored for men. 

As for the collection or books, I have 
given above the clue to my thinking. Ile 
us haul in the vertical files and beg from 
industry the raw data of engineering’s 
advances. Why do I stress this? Well, 
what I want to do is to use the library's 
materials to motivate our students by the 
example of live and current applications 
of the theoretical topies they are studying. 
A student’s inspection of these if astutely 
timed by his instructor would send the 
boy back to his thermodynamics text 
vineed that he’d better have his therm 
principles down cold or else. I want to 
make the wealth and kinds of engineering 
records a challenge to the student, rather 
than what the library now is, namely! 
chore. 

And finally the staff has to be looked at. 
To give the engineering student a break, 
we'd better get the librarian out of tht 
library at least one-third of the time. 4! 
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least that time each week should be spent 
in faculty consultation. And I don’t ree- 
ommend that the consultation be in the 
library office. It should be the other way 
around. The librarian should go out as 
a salesman to see how the product or serv- 
ice is going over. Only by such a devotion 
to consumer research and selling can the 
librarian verify that the library machine 
is serving its function. 
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It will be a long time before most of 
our engineering schools’ library service 
reaches these or comparable goals. The 
problems of inadequate quarters, in- 
adequate collections, inadequate librarians 
are real and very human problems. In 
dealing with these real and human prob- 
lems, John Dewey has wise obiter dicta 
for us: “We don’t solve such problems. 
We outgrow them.” 


College Notes 


The Summer Laboratory Course in 
Techniques and Applications of the Elec- 
tron Microscope will be given again this 
summer from June 16 to June 28, 1952, 
by the Laboratory of Electron Microscopy 
in the Department of Engineering Physics 
at Cornell University. The course under 
the direction of the Dr. Benjamin M. 
Siegel will have Dr. James Hillier of the 
RCA Laboratories, Princeton, New Jersey, 
and Dr. C. E. Hall.of M.I.T., Cambridge, 
Mass., as guest lecturers this year. 

The course is designed for those re- 
search workers, institutional and indus- 
trial, who have recently entered the field 
of electron microscopy or who are now 
planning to undertake research problems 
involving applications of this instrument. 
Further inquiries should be addressed to 
Dr. Benjamin M. Siegel, Department of 
Engineering Physics, Rockefeller Hall, 
Cornell University, Ithaca, New York. 


The appointment of Bernard E. Proctor 
to Head of the Department of Food Tech- 
nology at the Massachusetts Institute of 
Technology was announced by George R. 
Harrison, Dean of Science at the Institute. 
Proctor, who is Professor of Food Tech- 
nology and Director of the Samuel Cate 
Prescott Laboratories of Food Technology 
at M.I.T., has been acting head of the 
department since January 1951. 


Transportation of Sediment has been 
chosen as the theme of the Fifth Hy- 
draulics Conference to be held at Iowa 
City, Iowa, June 9-11, 1952. . This series 
of triennial conferences is sponsored by 
the Iowa Institute of Hydraulic Research 
of the State University of Iowa. Topics 
of the six half-day sessions will include 
problems of laboratory and field measure- 
ment sedimentation in canals, rivers, es- 
tuaries, and harbors; and a tour of the 
Institute laboratories. 
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Student Evaluation of Teaching Techniques 


By HARRY W. CASE 
Associate Professor of Engineering and Psychology, University of California at Los Angeles 


Introduction 


One of the problems that has constantly 
perplexed educators for a number of years 
is that of determining the most effective 
methods of teaching, in terms of learning 
ease and interest. These two factors un- 
doubtedly significantly influence the rate 
at which an individual can acquire mate- 
rial presented in a course. As an aid 
to teachers in formulating their course 
presentation, the Student-Faculty Evalua- 
tion Committee of the American Society 
for Engineering Education undertook a 
limited study of teaching techniques dur- 
ing the past year. The problem was ap- 
proached by undertaking to measure the 
attitudes of a sample of students toward 
methods now currently used in the teach- 
ing of engineering courses. Unfortunately, 
the vast array of courses taught in an 
engineering college and their complexity 
in terms of content material made it im- 
possible to design a survey for the specific 
purpose of measuring the most effective 
method of presentation for a particular 
subject. Therefore, the survey was de- 
signed to cover only the broadest aspects 
of presentation. 


Subjects 

The subjects used in the study con- 
sisted of some two hundred and nine 
engineering students divided among six 
universities—Bradley University, North- 
western University, Ohio University, Penn- 
sylvania State College, the University of 
California, and the University of Illinois. 

The problem was approached by asking 
members of the Committee to distribute 
questionnaires to their engineering classes 
with the request that the students complete 
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the form to the best of their ability. The 
questionnaire was divided into two parts: 
the first of which consisted of rating a 
number of described teaching methods for 
interest and ease of learning. These were: 
(1) the uninterrupted lecture, (2) lecture 
combined with recitation, (3) the entire 
course based on problem sets, (4) course 
constructed around student projects, and 
(5) course including lecture, recitation, 
problems, and student projects. In the 
second section provision was made for the 
student to introduce his own ideas into the 
evaluation by having him first rate the 
effectiveness of teaching devices; second, 
determine the percentage of time that 
should be allotted for various types of 
presentation; and third, furnish informa- 
tion concerning the most effective and 
least effective methods of teaching he had 
encountered. 


Results 


If we examine the teaching methods listed 
in Table I and the relative ratings assigned 
to them by the students, it is apparent 
that the more diversified the method of 
presentation is, the higher it ranks in 
terms of the students’ evaluations. For 
example, the highest single rating given to 
any of the listed methods was assigned to 
the presentation which combines lecture, 
recitation, problems, and student projects. 
Following this is the method in which the 
course is constructed around student pro)- 
ects and the uninterrupted lecture which 
uses material that is supplemental to the 
text, both of which rank comparably. 
Next in ranking is the lecture based om 
supplemental information combined with 
recitation, and finally the teaching tech- 
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STUDENT EVALUATION OF TEACHING TECHNIQUES 


TABLE II 
EFFECTIVENESS OF TEACHING DEVICES 


Most Effective to Least Effective 


1 2 3 4 5 6 
Lecture 41% 25% 20% 8% 4% 3% 
Problems 28% 41% 19% 6% 5% 1% 
Recitation 5% 17% 25% 25% 15% 13% 
Student projects 9% 16% 21% 26% 21% 7% 
Film presentations 13% 15% 16% 19% 29% 8% 
Other teaching aids 4% 5% 13% 10% 13% 55% 


nique in which the entire course is based 
upon problem sets with little or no com- 
ment concerning them. 

It will be noted that the students were 
critical of several lecture techniques. In 
particular, objections appear to exist to 
the form of lecture that is related pri- 
marily to the instructor’s field of research 
and has little to do with the text. This 
appears to hold true even though the 
lecture is broken by recitation. Similarly, 
although not to the same degree, the tech- 
nique of simply following the text is con- 
sidered to be only average. It would be 
interesting to see whether this technique 
was preferred by the better or the poorer 
students. 

Analysis of Table I seems to point to 
the conclusion that the students like prob- 
lem sets when they are related to the next 
day’s assignments by means of a critical 
analysis by the instructor. Conversely, 
they dislike, from the interest and learn- 


ing ease standpoint, the technique of hay- 
ing problems placed on the board with 
little or no comment. 

The first question in Part II of the 
questionnaire (Table II) consisted of ask- 
ing the individual to place a number from 
1 to 6 in front of each of six items—l 
being the most effective and 6 being the 
least effective. It will be noted that the 
students distributed the items in the direct 
sequence in which they were presented. 
It is possible that the material was ar- 
rayed by chance in the sequence in which 
the students did select it. However, it 
must be remembered that the actual ar- 
rangement of the items may have in- 
fluenced their judgment. The second ques- 
tion in Part II read: “Assuming that the 
total amount of study for any given course 
equals 100%, how would you distribute 
the time on a percentage basis for the 
following activities?” Lecture was as- 
signed 35%, recitation 15%, problem sets 


TABLE III 


Most ErrectivE Metuop oF TEACHING 
(Showing percentage of total students listing the method) 


Lecture and problem sets 39% 
Straight lecture 18% 
Straight problems 11% 
Projects, lecture, and problems 5% 
Lecture and film 5% 
Projects and lecture 4% 
Straight projects 4% 
All techniques combined 8% 


Lecture and recitation 3% 
Lecture and few problem sets 2% 
Projects and problem sets 2% 
Lectures and many problems 2% 
Few projects, lecture, and problems 1%. 
Projects, lecture, few problems 5% 
Lecture and laboratory 5% 
Visual aids alone 5% 
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STUDENT EVALUATION OF TEACHING TECHNIQUES 


TABLE IV 


Least ErrectivE Mretuop or TEACHING 
(Showing percentages of total students listing the method) 


Uninterrupted lecture (non-deviating | 22% 
from subject) 
Lecture entirely on text material 20% 
No (vague) explanations 8% 
Deviation from lecture (much) 8% 
All problems placed on board 6% 
Entirely problem sets 6% 
All recitation 5% 
Problem results not given 5% 
No problems at all 4% 
Dull, abstruse lecture 3% 


Teacher lacks preparation 3% 
Class lacks participation 3% 
All theory, no practical application 3% 
Entirely projects 1% 
Teacher answers questions the entire | .7% 
period 
No homework 7% 
Lectures from records 3% 
Lecture and problem sets 3% 
Lecture and laboratory 3% 


27%, student projects 13%, other home- 
work 7%, and other 3%—+the total equal- 
ing 100%. This it should be noted is in 
general agreement with the other results. 

The results to question 3 (Table IIT) 
which read: “In my experience and con- 
cerning the ease of learning and interest, 
the most effective method of teaching I 
have encountered has been—,” indicate 
that lecture and problem sets, straight 
lecture, and straight problems are the 
most common selections. It should be 
noted that in general the information 
furnished was, unfortunately, not capable 


of being compiled in the exact form in 
which it was returned but had to be 
divided into categories for the purpose of 
computing percentages. 

The question in Part II (Table IV) 
which read: “In my experience and con- 
sidering the ease of learning and interest, 
the ‘least effective method of teaching I 
have encountered has been—,” was an- 
swered by the uninterrupted, non-deviat- 
ing lecture being selected by 22%, and 
lecture entirely on the text by 20% of the 
students. 

Question 5 of Part II asked whether the 


TABLE V 


CHARACTERISTICS OF AN OUTSTANDING TEACHER 
(Showing the percentages of the total students listing method) 


Knows subject 14% 
Good presentation 9% 
Enthusiasm regarding subject 7% 
Understands student 6% 
Sense of humor 6% 
Good voice 5% 
Interested in student problems 5% 
Has personality 5% 
Experience in field taught 4% 
Friendly 4% 
Helpful to students 3% 
Not egotistical 3% 
Answers questions satisfactorily 3% 
Relates subject to life 3% 
Good appearance 2% 
Simplifies ideas 2% 


Logical presentation 2% 
Available to students 2% 
Organizes material 2% 
Impartial 2% 
Patient 2% 
Commands respect 2% 
No “unrelated” talks 1% 
Poise 1% 
Intelligent 1% 
Fair grader 8% 
Sincere 8% 
Good examinations 1% 
Does not lose temper 5% 
Strict 5% 
Uses easy terms A% 
Honest 1% 
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most effective or the least effective meth- 
ods of teaching in their experience were 
dependent upon the personality of the in- 
structor. To this question 70% indicated 
yes, 29% indicated no, and 1% qualified 
it as partly. 

The final question of Part II (Table V) 
asked the students to briefly describe the 
characteristics that they thought made an 
outstanding teacher. The most frequent 
qualities were those related to a knowledge 
of the subject and the presentation, while 
the least important items were those re- 
lated to grading, examinations, and other 
details of organization. 

An examination of the compiled mate- 
rial indicates the impossibility of drawing 
conclusions that will apply to any one 
subject. The students’ indication of the 
importance of personality in relationship 
to the method of teaching should afford 
clues as to why the assigned rating per- 
centages differ so widely. The survey 
gives us much to reflect upon when we-see, 
from the students’ viewpoint, the undesir- 
ability of having an instructor spend the 
entire period on problems with solutions 
placed on the board with little or no com- 
ment about each problem. From the stu- 
dents’ viewpoint there are certain tech- 
niques that are more desirable as mo- 
tivators in the ease with which they enable 
them to learn the specific material. 

However, before we make any general- 
ized conclusions as to the validity and 
reliability of a study of this nature, it 
should be pointed out that in the first 
place this type of study does not afford an 
indication of the actual knowledge a stu- 
dent will take with him from a course as 


a result of a specific teaching technique 
but rather reflects the student’s viewpoint 
of the ease with which he ean learn mate. 
rial and the motivation that aids him in 
acquiring this information. Before even 
any tentative generalizations can be made 
concerning the other assumptions, that is, 
that a student actually acquires a greater 
amount of knowledge under one technique 
than under another, it will be necessary to 
determine the interrelationship of grades 
to teaching methods. 


Conclusions 


The following conclusions are tentative 
and based only on the students’ viewpoint 
and do not necessarily reflect the actual 
learning that takes place: 


1. A eourse that includes lecture, recita- 
tion, problems, and student projects 
is the most desirable in terms of 
learning ease and interest. 

. A course in which the instructor uses 
the entire period for having students 
place assigned problems with solv- 
tions on the board, with little or 
comment about each problem, is one 
of the least desirable techniques. 

3. About 35% of the total time involvel 
should be devoted to lecture, about 
27% of the total time to problem 
sets, 15% to recitation, 13% to sti- 
dent projects, 7% to other home 
work, and about 3% to addition 
activities. 

4. The students believe that the method 
of teaching, in terms of its effective 
ness, is dependent upon the personal 
ity of the instructor. 
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A General Curriculum for Agricultural 
Engineers* 


By L. W. HURLBUT 


Chairman, Department of Agricultural Engineering, University of Nebraska 


The prime responsibility involved in 
planning for a college education centers 
in the preparation of students for subse- 
quent continuous development in their 
chosen field and good community life. 
Whatever contributes significantly to this 
end deserves our wholehearted support. 

In Agricultural Engineering, we are 
relating a complex profession to a most 
complex industry. Yet, there is ample 
evidence to indicate that we need not la- 
ment the fact that there is insufficient time 
in our undergraduate curriculum for all 
the “good” courses that could be offered 
in engineering and/or agriculture. It 
behooves us to be very selective in pre- 
paring a series of well-integrated courses 
and presenting them with enthusiasm. 
The curriculum must be planned to de- 
velop intellectual maturity for the student 
with due consideration of time and money 
involved. 

More specifically, our ultimate objective 
is to produce good Agricultural Engineer- 
ing graduates in possession of a relatively 
high degree of intellectual maturity in- 
cluding good fundamental training, an 
enthusiastic attitude toward their work, 
and a full confidence in their ability to 
get the facts necessary to solve problems 
and get jobs done. A graduate Agricul- 
tural Engineer who needs a course before 
he ean attack a new problem lacks in 
such maturity. 


* Presented at the Agricultural Engineer- 
ing Conference at the Annual Meeting of 
the ASEE, East Lansing, Michigan, June 
28, 1951. 
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Factors Involved in Planning 
A General Curriculum 


The main factors involved in planning 
a general engineering curriculum appear 
to be about the same as those involved 
in planning any other curriculum. They 
include the student, the instructor, the 
course plan, and the primary field of in- 
terest during and subsequent to college. 
The curriculum itself is merely the plan 
by which the philosophy of the college, 
the department, or the profession is im- 
plemented. 

The student brings personality, char- 
acter, ambition, resourcefulness, and tech- 
nical ability in varying degrees of de- 
velopment. He commonly selects Agri- 
cultural Engineering because of an in- 
terest in solving problems of a physical 
nature and a deep interest in agriculture 
and rural people. The problems he knows 
as a pre-engineering student may or may 
not be those with which the Agricultural 
Engineer is daily involved—but, neverthe- 
less, past events influence his choice. As 
a freshman, he may bear some dislike for 
the requirement that time be spent on 
courses other than the chosen field. There- 
fore, one of the first things to be learned is 
that an engineering education in a democ- 
racy must recognize three distinct areas of 
interest and development. The first area 
deals with him as an individual; the 
second with him as a citizen or one of a 
group of workers; and the third with him 
as a Professional Engineer. Broad. in- 
terests generally are not inherent in most 
high school graduates so it is up to the 
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college teacher, and the curriculum, to 
provide for the stimulation of these in- 
terests. 


Teacher is Important Factor 


The teachers will probably rank second 
in importance to the student and greater 
in importance than the curriculum. The 
statement that the teacher is a very im- 
portant factor in a program of education 
is well substantiated by interviewers who 
consistently claim that they can quickly 
spot student interests paralleling those of 
the influential instructors. The teachers 
and their courses in the curriculum must: 


1. Transfer the requisite factual in- 
formation to the student. 

2. Develop confidence in his ability to 
learn; good engineering teaching is 
generally considered to be the de- 
velopment of the student’s ability to 
do things for himself. 

3. Develop the student’s confidence in 
his ability to discriminate among 
values and make intelligent judg- 
ments. 

4. Improve his methods of expression 
through speaking, writing and draw- 
ing. 

5. Help develop character, personality, 
and citizenship. 


These requirements definitely suggest 
a general curriculum and good instructors. 
The ideal instructors for courses in a gen- 
eral curriculum are not easy to find. First 
of all, they should be scholarly specialists, 
yet, each have a broad outlook and an 
engaging personality. They should be 
skillful and inspiring teachers and have 
an active interest in public affairs. They 
should be engaged in research, and have 
an interest in administrative procedures. 
They should have industrial or profes- 
sional practice as a background for select- 
ing practical applications wisely, and 
presenting practical experiences vividly. 
It is evident that there must be some com- 
promise with the faculty as well as with 
the curriculum, but this situation need not 
alter our aims and ideals. 


The curriculum forms the steps toward 
achievement of intellectual competence 
and maturity. Three stages of student de. 
velopment can be fairly clearly recognized 
in the technical part of our general eur. 
riculum. In the first stage, the student 
learns facts. The second stage involves 
the selection of facts and the fitting of 
them together into an organized whole. 
The third stage develops the disciplined 
ability to discriminate between facts, an- 
alyze situations, and basie practice in 
creative ability—that is, to devise solv. 
tions to relatively complex problems. 

In a program of such progressive gen- 
eral development, the courses must ke 
arranged in well integrated sequences with 
each advanced course building on funds 
mentals already developed. The content 
of each course must be planned to keep 
fundamental laws before the student ani 
to provoke the realization that complex 
problems involve a number of less con- 
plex elements. The objective is con- 
tinuity of experience expressed in the 
various phases of study. 


MINIMUM REQUIREMENTS FOR THE AGRi- 
CULTURAL ENGINEERING GrRouP (2) 


Agriculture and Agricultural En- 

gineering—Agron 53; Agr. Op- 

tions, 9 hrs; AE 5, 7, 123, 223, 

225, 243, 244, 254 41 hours 
Mathematics 14, 16, 17, 105, 106, 

107 19 hours 
General Engineering—EM 1, 2, 3, 

4, 121, 225; CE 219; EE 101; 


Eng. 1, 50, 100 24 hours 
Physics 103 and 104 10 hours 
Chemistry 3 and 4 6 hours 
English Usage—Eng. 3, 4; Speech 

9 hours 
Military or Naval Science 4 hours 
Non-Technical Options 15 hours 
Technical Options 8 hours 
Orientation (freshmen) 0 hours 

Total hour 


It is important to note that our ge 
eral curriculum plan suggests that a et 
tain amount of specialization is necessi 
in order to prepare the student for th 
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more complex problems. This condition 
necessitates that judicious compromises 
be made in developing both broadness in 
thinking and broadness in subject matter. 
Broadness in thinking comes in building 
new elements, through the various phases 
of Agricultural Engineering, upon the 
physical sciences, mathematics, basic en- 
gineering courses, economics, and human- 
ities. There must also be a proper balance 
between the applicational and theoretical 
aspects of the subject matter. It is im- 
portant to recognize that student engi- 
neers are basically intensely practical 
people and they expect practical features 
to appear in the college course work. 
Furthermore, before acquiring a mature 
status, the new graduate must generally 
serve some time as a sub-professional and 
at this level he may be called on to produce 
in competition with craftsmen from trade 
schools. Therefore, he must have limited 
confidence in, and basie practice with, 
the tools and methods of the craftsman. 

The curriculum adopted by our faculty 
begins the development of broad versatil- 
ity in the freshman year. The start is 
made in a course entitled “Introduction to 
Engineering” presented by Dean R. M. 
Green and his staff. The course descrip- 
tion reads, “Survey of requirements in the 
various fields of engineering; services per- 
formed by Engineers, civic and ethical 
implications of the practice of engineer- 
ing, characteristics of the fundamental 
requirements.” Subsequently, the student 
selects fifteen hours of “non-technical” 
electives which are at the level of his 
eollege standing. 

The climax to work in the three areas, 
aforementioned, comes in Engineering 
100, a senior course, again presented by 
Dean Green and staff. The course descrip- 
tion reads, “Professional relations, per- 
sonal requirements, civic responsibilities 
and ethical obligations for engineering 
practice. Legal registration of engineers 
and architects. Sub-professional and pro- 
fessional services. Changing conditions in 
engineering practice. Requirements for 
Placement in engineering.” The two 
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courses, Engineering 1 and 100, serve as 
the framework which binds together the 
three distinct areas. 


Broad Versatility is Required 
by Employers 

The employment pattern of Agricul- 
tural Engineers shows a very broad use 
of their talents beyond the professional 
phases of development and design; and 
this is an important element to be con- 
sidered. This consideration is important 
for other branches of engineering too. 
For example, a recent report received 
from the International Harvester Com- 
pany (1) indicates that in 1890 industry 
employed one engineer for every 300 other 
employees, whereas in 1950, one engineer 
was required for every 69 employees. 

An attempt has been made by Martin 
John Bergen (3) and others in the E. I. 
du Pont de Nemours and Co., Ine, 
Newark, Deleware, to evaluate the pro- 
fessional performance of a large number 
of workers representing the entire field 
of engineering design. The objective was 
to determine whether or not a “work” 
function could be derived from Perform- 
ance Rating data. The study indicates 
that eight important variables grouped 
themselves naturally into two groups— 
the first group consisted of those factors 
which were learned primarily by formal 
schooling, called “Ability and Knowledge” 
factors. These included: 


1. Knowledge. 

2. Analytical ability. 

3. Ability to learn new duties. 

4. Ability to write and speak clearly. 


The second group were called the “Psy- 
chological and Personality” factors and 
they were: 


1. Cooperation. 

2. Initiative and creativeness. 

3. Judgment and common sense. 

4. Supervisory ability or leadership. 


As expected, the various factors were 
found to be interdependent. It was ‘con- 
cluded that in the more responsible posi- 
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tions the company was paying two dollars 
for the “Psychological and Personality” 
factors for every dollar paid for the 
“Ability and Knowledge” factors. The 


“Ability and Knowledge” factors pre-. 


sented practically no difficulty because 
these were the factors that had been 
specified and for which there was some 
measure. This study serves well to in- 
dicate the importance of the “Psycho- 
logical and Personality” factors. These 
latter factors are extremely important to 
the individual, his family, and industry. 
They are intimately associated with group 
attitudes. The striking contrast between 
problems relating to technical efficiency in 
industry on one hand and matters of 
human cooperation on the other is well 
recognized in the general curriculum. 
Furthermore, the formal requirements of 
the curriculum are adequately supported 
with opportunities and obligations in the 
extra-curricular life of the student engi- 
neer. This latter feature is also an im- 
portant factor to be considered in helping 
a student plan the use of his time in 
college. 

A review of the present placement of 
the 196 Agricultural Engineering grad- 
uates from the University of Nebraska 
indicates that they have the basic training 
necessary for entry into almost every field 
where there are problems of maintenance, 
production, development, design and dis- 
tribution. Their assets are a good basic 
engineering training, fundamental train- 
ing in non-engineering courses important 
in their living and working, and a farm 
background where they have had many 
opportunities to solve real problems re- 
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quiring thinking in terms of economic 
results. 
Summary 


1. No practical undergraduate curric. 
ulum can provide all the training neees. 
sary to the graduate in his subsequent life, 
and it is impossible to predict his future 
activities accurately. The study plan 
needs to provide only limited opportunity, 
if any, for specialization. A real problem 
in curriculum and course planning is to 
determine what fundamentals are im- 
portant. 

2. If the graduate is trained in broad 
fundamentals properly supplemented by 
practical applications in his general fied 
of interest and instilled with a burning 
enthusiasm for engineering work in that 
field, it is quite likely that he will grow 
thereafter with additional study as the 
needs of his life unfold. 

3. A graduate program based upon ad- 
vanced technical subject matter should he 
available so that more specialized study 
may be pursued with a vigor consistent 
with such preparation. 

4. The student, the teacher, the cur 
riculum, and the employer should k 
guided in their judgments by the fact that 
the undergraduate curricula and college 
life are near the beginning, not the end, of 
an engineering career. 
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Doctoral Study in Industrial Engineering * 


By NORMAN N. BARISH 


Associate Professor of Management Engineering, New York University 


Doctoral study in industrial engineering 
is relatively new. Prior to World War 
II, very few schools had organized in- 
structional programs leading to doctorates 
in industrial engineering and few doctoral 
degrees in this field were awarded. Some 
indication of the growth in this field is 
given by the fact that in 1933-34, no 
doctorates were awarded in industrial 
engineering whereas four doctorates were 
awarded in 1948-49 and three were 
awarded in 1949-50. There were five 
doctoral students in industrial engineer- 
ing in 1933-34 whereas there were fifty- 
nine in October 1949 and there were forty- 
three in October 1950. 

To obtain data on current practice 
among a number of schools awarding 
doctorates in industrial engineering, a 
questionnaire was sent to the eight schools 
reporting doctoral students in the ASEE 
—U.S. Office of Education annual enroll- 
ment survey. Replies were received from 
the following seven schools: - Columbia 
University, Iowa State College, Johns 
Hopkins University, New York Univer- 
sity, Ohio State University, Pennsylvania 
State College, and Washington University 
(St. Louis). 

The practices and experiences of these 
schools are generally quite new. Many 
are still in the process of developing their 
approaches to the questions discussed in 
this paper. It is hoped that this diseus- 
sion of some of the problems and present 
practices will prove helpful in the further 
development of effective doctoral study 
programs in industrial engineering. 

*Presented before the Industrial Engi- 
heering Division at the 59th Annual Meeting 
of the ASEE, June 25-29, 1951, in East 
Lansing, Michigan. 


Objectives of Doctoral Study 


The aims of doctoral study in industrial 
engineering may be categorized as fol- 
lows: 


1. The extension of the technical knowl- 
edge and competence of the candidate 
in the fields of industrial engineering 
to a sufficiently high level that he 
may be considered to have mastered 
the principles important to practice 
in these fields. 

. The equipment of the candidate with 
substantial tools for scientific anal- 
ysis and independent rational ex- 
ploration and performance in indus- 
trial engineering fields. 

3. The contribution by the candidate to 
knowledge of a particular phase of 
industrial engineering. This last aim 
is usually served by the performance 
of an original investigation. 


bo 


When a school has adequately ac- 
complished these aims in its doctoral 
training, it will award doctoral degrees 
to candidates who are able to: recognize 
industrial engineering problems wherever 
they exist; discern the true nature of the 
problems; devise an intelligent approach 
to the solution of the problems; execute 
the investigations required by this ra- 
tional conception of the problem solution; 
design effective and efficient experiments 
to test the validity and reliability of his 
solutions; collect and digest his data; cor- 
rectly analyze and properly evaluate the 
results of his experiments; record his re- 
sults and conclusions in a clear manner 
which is understandable to his fellow in- 
dustrial workers; and give effect to his 
conclusions by selling himself and his ree- 
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ommendations and by following through 
with training and installation of pro- 
cedures where required. 

The survey disclosed differing emphases 


on some aspects of these goals by various’ 


schools. One department considered its 
principal goals “the development of men 
who ean think independently; can bring 
a creative viewpoint to the analysis of 
problems; can use the English language 
with correctness and facility in exposition ; 
have sufficient fundamental knowledge of 
the field and the surrounding fields to be 
competent in the evaluation and/or direc- 
tion of research in the field.” Another 
department considered its purposes “to 
train industrial engineers of full profes- 
sional competence, with a sound science— 
humanities background including psychol- 
ogy, sociology, economies, et cetera. The 
goal of such people should be to improve 
present inadequacies in industrial engi- 
neering practice by research and applica- 
tion.” A third stated its objectives more 
broadly: “to qualify candidate for un- 
usually successful industrial career; to 
qualify candidate for teaching career; to 
contribute significantly to fund of knowl- 
edge in Industrial Engineering or In- 
dustrial Psychology.” 

Responsibility for Personality Training 

It is apparent that, by and large, the 
various departments feel that their aim 
is to educate rather than train—to pro- 
mote the study of fundamental principles 
which are capable of broad application 
and which will develop the capacity of the 
individual to perform successfully in in- 
dustrial engineering fields rather than the 
acquisition of skills in the use of special- 
ized techniques. A mature personality 
with abilities for cooperative action as 
well as creative independent thinking and 
scientifie curiosity is important in the en- 
largement of the individual’s performance 
capacity. 

However, opinion on the question of re- 
sponsibility for personality training of 
doctoral students is quite varied. Two 
departments replied that they considered 
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that they had a responsibility for per. 
sonality training and one of them included 
specifie course work. Two others con- 
sidered that they had a responsibility for 
bringing any personality deficiencies to 
the student’s attention for his own cor- 
rective action. One school was not too sure 
if it had any responsibilities for personal- 
ity training and one stated emphatically 
that it had none. Another asked “ean 
you ‘train’ personality ?” 


Screening Procedures 


Not all industrial engineering students 
are likely material for doctoral study. 
While many of the abilities previously 
outlined can be acquired through study 
and training, the candidate must possess a 
certain minimum of inherent creative 
powers if he is to successfully complete a 
high calibre doctoral program. 

With small numbers of full-time st- 
dents, informal methods of restricting en- 
rollment to qualified persons may fre 
quently be adequate. With the larger 
number of students currently seeking ad- 
vanced degrees in industrial engineering, 
many on a part-time basis, formal screen- 
ing procedures are required to maintain 
high standards of scholarship in doctoral 
studies and to save the time and efforts of 
persons who are not endowed with the 
necessary qualifications. 
process is most effective when it exerts 
its principal effects at the earliest stages 
of doctoral study. 


Admission to Graduate Study 


Admission of doctoral students to grat- 
uate study is generally limited to properly 
qualified students on the basis of the 
satisfactory completion of minimum at 
ademie undergraduate requirements. The 
student’s undergraduate record, his stan¢- 
ing in his graduating class, and the 
recommendations of his instructors att 
all used to varying degrees to ascertain the 
qualifications of the student. 

Five of the seven schools require a 
undergraduate degree in engineering 
Four of these five schools have definite 
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specified undergraduate course require- 
ments whereas the other three schools ap- 
pear to have rather flexible requirements. 
The four schools require that, in addition 
to meeting all undergraduate prerequisites 
for graduate courses, the student must 
complete specified undergraduate indus- 
trial engineering courses in such fields as: 
industrial organization and management, 
engineering economies, statistics, account- 
ing and cost accounting, production and 
factory planning, motion and time study, 
quality control, psychology, physiology, 
et cetera. No school requires all of these 


courses and the emphases show wide - 


variations. One school reports an attempt 
to break away from formal, rigid ad- 
mission standards, requiring only “a broad 
general stipulation of science—human- 
ities.” 


Admission to Candidacy 


All schools give examinations for admis- 
sion to candidacy. The examinations are 
comprehensive, covering a wide area of 
industrial engineering and some related 
fields. They are written by the depart- 
ment staff (plus, in some cases, members 
from other departments concerned with 
the doctoral courses of study) and there- 


‘fore reflect, to some extent, the point of 
view and interests of these persons. 


The subject emphasis on these examina- 


tions show some basic uniformity with 
‘quite a variety of stress given to fringe 


fields. As would be expected, all seven 
schools appear to give an important role 
to what is normally called industrial or- 
ganization and management. Six schools 
mention some aspects of economics: four 
specify engineering economy, one political 
economy, and one does not specify the 
kind of economics. Four departments 
mention the following subjects: produc- 
tion planning and control, psychology, 
quality control, and accounting fields. 
Three mention the general field of meth- 
ods study (work simplification and mo- 
Two mention 


statisties, personnel, safety, and mathe- 
matics, 


Other fields mentioned by in- 
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dividual schools include tool design, in- 
dustrial experimentation, and industrial 
forecasting. This tabulation gives a rough 
picture of the fields covered in the doctoral 
qualifying examinations. The subject 
matters of the fields overlap and the 
amount of emphasis within each school 
was not considered. 

Two schools mention that they give a 
case problem type of examination. At 
one of these schools (N. Y. U.), an actual 
company is chosen and, with some mod- 
ifications, a descriptive package is pre- 
pared on the products, markets, facilities 
and layouts, personnel, production meth- 
ods, organization, financial status and 
history, product design and development, 
inspection and quality control procedures, 
sales and marketing policies, et cetera. 
This package is mailed to the candidate 
several weeks in advance of the date of 
the examination. The candidate is then 
questioned in both the written and oral 
portions of the examination to determine 
his technical competence in the various 
fields of industrial engineering and his 
ability to integrate and apply his knowl- 
edge to this company’s problems. 

The oral portion of the examination 
may frequently be more revealing of the 
candidate’s abilities and capacities than 
the written part because it allows the 
examiner to determine more thoroughly 
the limits of the student’s understanding 
of the problems. Thus five of the seven 
schools reported that their examinations 
for admission to candidacy have both 
written and oral portions. One gives a 
written examination but the examining 
committee may give an oral examination 
if it deems one necessary. Another 
school’s examination is entirely oral. 


Research and Thesis Requirements 


The thesis undertaking serves several 
purposes: it provides a medium for dis- 
ciplining the candidate in logical methods 
of thought as well as for maturing and 
testing his research ability; it provides 
training in effective self-expression; and 
it furnishes a mechanism for promoting 
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independent investigations for extending 
the boundaries of knowledge in the field. 
In general, the doctoral thesis should be 
related to the individual’s interests and 
occupational plans as closely as possible 
because it will then have a functional 
interest and meaning to him which may 
otherwise be lacking. 

Satisfactory definition of what is an 
acceptable research undertaking is dif- 
ficult. Some quotations from the schools 
indicate the trends in industrial engineer- 
ing departments: “Thoroughly competent 
study of a definable section of industrial 
management; the production of a valid 
contribution to knowledge in that section; 
production of a publishable thesis or ab- 
stract of that thesis’; “(1) Original; 
(2) Fundamental rather than application ; 
(3) Laboratory investigation preferred 
to library research; (4) Philosophie de- 
velopment, including hypothesis and ex- 
perimental trials to prove or disprove”; 
“T prefer advancements of general meth- 
odology and theory supported by experi- 
mental evidence.” 


Course Requirements 


Because the doctorate is not awarded 
on the basis of the accumulation of a 
given number of graduate credits, varia- 
tions in the minimum number of credits 
required for the degree are not of much 
significance. Many schools regularly re- 

quire more than the minimum number in 
their approved doctoral programs and the 
bases for evaluating and assigning credit 
points to graduate courses and research 
and thesis work are quite varied. The 
basic universal requirement appears to be 
three years of full-time work after the 
bachelor’s degree, of which approximately 
one year is supposed to be spent on re- 
search and dissertation (which may some- 
times be performed concurrently with 
parts of the two years of course work). 

Rigid course requirements for the doc- 
torate reduce programming flexibility. 
Superior students are required to cover 
material in which they are already pro- 
ficient. Candidates with unusual interest 
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lowing a logical, but out-of-the-ordinan, 


consider 


the exte 
program. Only three of the seven schookff gidates’ 


require that all doctoral students take; four wl 
specified list of graduate courses, varying .wered { 


from four to eight courses. These coury a school 
requirements correlate quite closely witif«yes if 
the subject emphases on the Admissin§);.hed, 
to Candidacy examination. The remaip 

ing four schools do not presently hay 

such course requirements. One of All 
latter schools indicates that it very dé quiremer 
initely seeks an absence of the rigidity quire 01 
which such requirements impose. languag. 

Five schools have a requirement thi prehensi 
courses be taken in one or more mine ary knox 
fields. Two of these five recommend, bi Opinic 
do not always require, two minor fielit§ janguag. 
One of the schools which does not requir§ yalid or 
a minor advises its students to take minon 
in economies and psychology. 

Seminar type of instruction is  usel 
extensively by most departments. In on 
school which has small enrollments, all i 
instruction approaches the seminar type 
Another department uses the semi 
type instruction practically all the tim 
after the first post-bachelor year. 4s perspecti 
might be expected, the schools with thin fayor 
large enrollments do not appear to Wfhowever, 
seminar type instruction to anywhere nethit signific 
as great an extent as those with small 
enrollments. 


Experience and Personality Requiremeni 


One school requires that the doctoral sti 
dent have “substantial professional exper 
ence.” This usually means about five y 
or more, but it allows for weighting a 
cording to the nature of the experient. 
Another has no defined requirements, bi! 
will allow experience to be substituted fu 
undergraduate course deficiencies. Th 
other schools have no experience requilt 
ments, although one reports that all cat 
didates in the past have had experient 

Three of the seven departments stalé 
that their doctoral students are suppos 
to have personality characteristies indit 
tive of successful professional perform 
ance. These schools indicated that th 
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from {0§ -onsidered personality characteristics to obstetrician and is cared for in infaney 
e-ordinary§ the extent that they will affect the can- and childhood by a pediatrician. You 
ven schook§ gidates’ professional careers. One of the consult one doctor about your throat, an- 
ents take 1 four who reported no requirements an- other about your nose, and a third about 
eS, Vary wered the question of whether it thought your ankle. There is much to be said for 
hese cour, school should have them with the reply: this procedure: with the increasingly en- 
‘losely with “Yes if valid requirements could be estab- _larged boundaries of knowledge, it is dif- 
Admission lished. How do you do it?” ficult for a man to become expert in more 
‘he remain. ‘ than one or a few specialties. There is 
sently hav Language Requirements thus a growing tendency for each person 
ne of thee All schools have foreign language re- to narrow his field and intensively cul- 
t very det quirements for the doctorate. Three re-  tivate his own little garden. 


the rigidijf quire one language, three require two This high degree of specialization in 
ose. languages, and one requires either a com- our modern industrial society produces 
rement tha prehensive knowledge of one or a diction- a serious coordination problem. Is the 
more minif ary knowledge of two. , treatment of the nose coordinated with the 


mmend, bit Opinion was divided on whether these treatment of the throat? In considering 
ninor fields language requirements are correct and problems of the ankle, does the doctor 
not requit valid or might be considered a relic of the consider its relation to the foot? In other 
take minon§ past. Most departments seemed to incline words, does the doctor have perspective? 
> ae toward the latter view. “Essentially a Everywhere, including our own field of 
ion is wsiPhurdle.” “Should be eliminated in favor industrial engineering, there is a growing 
nts. In om§of additional course work or research.” army of specialists who lack perspective. 
nents, all i$ Two other schools considered the language Doctoral study programs are confronted 
minar typeBrequirements a relic to some extent, but with the problem of counteracting this 
he semitttfone of these thought that it might be trend. The candidate should become ex- 
all the tim worthwhile for training men of broader pert in his chosen area of specialization. 
Year. Aifperspective. Only one school was strongly However, this should not be accomplished 
1s with favor of the requirement, emphasizing, 
pear to WPhowever, that steps must be taken to make at the of 
; P tive. The doctoral candidate should have 


bregpis) oo breadth of knowledge in all fields of in- 
Breadth and Integration of Knowledge dustrial engineering and management and 
: Ours is the age of specialists: There should be able to integrate ,his knowledge 
requireméilt as a time when the family doctor worried of these specialized fields. He should be 
doctoral sltfabout and cared for the entire body of his able to tie his thorough acquaintance with 
ional expépatients from infancy through old age. these specialized fields to the vast expanse 
out five yei§Nowadays, the baby is delivered by an of related human knowledge. 
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Four Year vs. Five Year Engineering Course 


By GEORGE J. BARKER 
Chairman, Department of Mining and Metallurgy, University of Wisconsin 


I have been asked if I would discuss 
the four year educational program as com- 
pared to the five year course. First, al- 
low me to make it clear that I am not 
opposed to a five year program but that 
I am in favor of the four year plan under 
present unsettled conditions of our na- 
tional economy. All of us are entitled to 
our own opinions and beliefs and we 
should act accordingly when we build an 
educational program. However, we should 
be absolutely sure that our opinions are 
right and our plans are the very best of 
our thinking before we accept a program 
to be inflicted upon a young student enter- 
ing the engineering profession. 

I clearly remember many years ago I 
was a strong advocate of the five year 
scholastic program. I almost said the 
“five year plan” but hastened to change 
the wording in fear of being asked to 
appear before an investigating committee 
in Washington. It was at the annual 
meeting of this Society in 1939 at Penn- 
sylvania State College that the five year 
curriculum was discussed pro and con. 
One of the officers of the Society made the 
public statement in the meeting that, 
whether we liked it or not, the five year 
program was to be foreed upon us and we 
would be compelled to accept it. I felt 
that this was an unfortunate statement 
because whenever you tell an engineer in 
the educational field he will be compelled 
to teach in a manner with which he is not 
in full agreement, you create an antagon- 
ism which can be a very destructive force. 
Personally, I feel the antagonism generated 
at that time prevented the five year course 
from being generally accepted by our 
engineering colleges. 
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To me it is not a question of whethe 
we teach a student for four or five yean 
The important point is what do we tead 
and how well do we impart knowledg; 
and a desire to learn to the student. 


Present Curricula Out of Date 


Speaking personally, this is my 0 
opinion and is not meant to cast refle 
tions on any one. I am firmly convined 
our present curricula, whether it be fe 
four or five years, is completely out 
date. When I entered the university th 
main mode of travel was by horse a 
buggy. Then came the auto, the airplan 
and now the jet. We have made vas 
strides in our mode of living but as 
yourself if we have made the same prq 
ress in building curricula. If you examiz 
the various programs for the freshm 
engineer you find most of us requim 
English, Mathematics, Chemistry 
Drawing. This is exactly the same p 
gram required thirty years ago. And wi 
have we not changed it and kept abre 
of progress? Is it beeause whenever we 
about to change a program we exalt! 
the catalogs of like institutions and si 
“This is what the others are doing”? Tb 
course of following blindly in the footsteys 
of others is not progress. If we are! 
keep abreast of the world as it is develop 
ing today we must change our progr 
By change I do not mean to a five ye 
course but, rather, a change in the pret 
four year course. For instance, 
should we not remove English from # 
freshman year? Such a proposal shoss 
you because you can hear the how! of pr 
tests that immediately would arise. Ho 
ever, if you will carefully examine 4 
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question you must eventually arrive at 
the conclusion that there is no good reason 
for teaching English in the freshman year 
except that that is where it has always 
been taught and to change it would be a 
sacrilege. I can advance many arguments 
why it should be changed but the important 
one would be that the manner in which 
English is taught today to our freshman 
students is a practical waste of the stu- 
dent’s time—time which is so valuable and 
should be used to better advantage in the 
student’s curriculum. 


Teaching Assignments 


While I am on this subject of suggest- 
ing ways of making a better engineering 
course, could I give you one more example 
of what is wrong in our education work? 
Most of you are familiar with the cost of 
education and you know that it is common 
practice to employ many graduate stu- 
dents for part time instruction to keep 
down the cost. Most of these instructors 
are assigned to freshman instruction. I 
am fully aware of the advantage of hav- 
ing the pioneering spirit of youth and the 
experience of age on the teaching staff, 
but I am firmly convinced we are making 
a serious and costly mistake in our class- 
room teaching assignments. I would favor 
the assignment of the experienced teacher 
to the lower level classes and to grad- 
uate teaching, with the younger instruc- 
tors handling part of the upper classes. 
All of you have deplored the heavy 
casualty list of students in the first year 
in the universities. We pass it off by 
saying the student “just has not got it” 
and should be eliminated from further 
education. I say this is morally wrong. 
We should give the young student the very 
best of inspired instruction and salvage 
this staggering loss of humanity which is 
a disgrace to our educational system. 
There is an additional advantage to the 
proposed system of using younger in- 
structors to teach upper classmen. They 
would know it would be necessary to 
better prepare their class instruction and 
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this would materially improve their own 
knowledge of the subject matter. 

I am sure many of you have been placed 
under some pressure recently by some of 
the propaganda which has been fed us, 
namely, technological development, which 
has been so rapid recently that society has 
not been able to keep pace and adjust 
itself and that engineering should slow 
down until the social sciences can catch 
up. Also, the engineer should include 
more humanistic and social studies in his 
program. This, as has been pointed out, 
could be done by lengthening the student’s 
time to five years in college. In general, 
I am opposed to this plan. As an engi- 
neer you look at facts and base your 
decision upon these facts. So, let us 
examine the facts. By far and large, 
the greater number of students in colleges 
today are taking the humanities and social 
courses. 

For the past generation graduates of 
these courses have taken their place in 
society and, because of college training, 
have assumed places of responsibility. 
Presumably, many of them have entered 
public service and it is only necessary to 
take a quick glance at the situation in 
Washington today to make us realize what 
a failure our general educational system 
has been. Today the plea is for the engi- 
neering students to take more humanistic 
and social studies so they may be better 
fitted to enter into the affairs of our na- 
tional government. To me such a plea is 
not worthy of consideration by any clear 
thinging engineer. Our engineering grad- 
uates of today are far better trained for 
public service than any other group of 
students. And why? Because we, by 
engineering training, have taught the stu- 
dent to analyze the facts and then proceed 
on these facts in an honest manner. The 
one word, honesty, is the key to the whole 
situation. We teach honesty to ourselves 
and then honesty to others follows auto- 
matically. I repeat, the engineer is now 
receiving this training and because of it, 
he better understands the rights of others, 
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and has a clear concept of the problems 
of humanity. 

And, so, I do not favor at this time 
addition of so-called social and human- 


istie studies to an engineering curriculum, . 


but I do advocate the inclusion of engi- 
neering courses into the liberal arts cur- 
riculum so those students may at least 
have some contact with clear and logical 
thinking. By this same reasoning, I can- 
not agree that the five year course has 
some advantage over the four year course, 
simply because it allows more time for 
the student to receive a more so-called 
liberal education. 


Strengthen Course Content 


Coming back to the main question of 
the four year curriculum, this should not 
be lengthened but the course content 
should be strengthened. With the present 
acute demand for graduates we should 
supply the need as rapidly as it is pos- 
sible to send out adequately trained men. 
With the high cost of living and the loss 
of present high wages paid to graduating 
engineers, you can estimate it will cost a 
boy, roughly, five thousand dollars to 
spend an extra year in college. This is an 
economic waste, provided we do a good 
job in teaching the student during the 
four years he is with us. Our engineering 
graduates enter so many various fields of 
endeavor, it would be impossible and very 
foolish to try to give complete and 
adequate instruction in every field which 
offers employment. Therefore, it is essen- 


tial that our four years’ training be con- 
centrated on a thorough mastery of the 
fundamentals of the various fields. We 
must not build a curriculum on credit 
hours but upon course content. If the 
graduating student has received sound 
training in the fundamentals, his prospec. 
tive employer knows he can give the 
graduate the necessary training to fit him 
for the position for which he was hired. 
In general, large industries whieh are hir. 
ing our graduates are not asking for more 
special training but actually will accept 
less if the student has been well trained in 
the fundamentals. 

I am very willing to acknowledge some 
few students ean and will benefit by 
longer training. If the particular in 
dividual desires to specialize in a par 
ticular field, to do advanced work or train 
for research, then he should enter the 
graduate school for this additional train- 
ing. Most universities have strong grad- 
uate courses and the additional training 
is available if desired by the few. 

In my early engineering training | 
readily learned the value of the courage of 
my convictions. Today I have the courage 
and, because of it, will be convicted by 
some of you. It has been a pleasure to 
inflict upon you some of my thoughts and 
ideas. I know many of you will not agree 
with me but I sincerely hope I have set 
forth ideas to which you will give careful 
consideration and by this’ consideration 
improve the quality of our engineering 
graduates. 


Electrical Engineering Summer School 


The Electrical Engineering Division will hold a Summer School at Dart- 
mouth College on June 20 and 21,1952. The theme will be “Undergraduate 
Teaching of Electrical Circuits and Fields.” Registration will be $1.50. 
For further details address Dr. J. C. Ryder, Electrical Engineering Depart- 
ment, University of Illinois, Urbana, Illinois. 
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The Electronics and Communications 
Options — Why? 


By J. D. RYDER 
Professor and Head of the Electrical Engineering Department, University of Illinois 


It does not seem possible to discuss 
curriculum options in electrical engineer- 
ing education until we know what we are 
trying to accomplish, or what are the ob- 
jectives of electrical engineering educa- 
tion. We are given certain raw material 
from the high schools. What sort of 
product do we wish to make of that mate- 
rial four or five years hence? If we have 
an answer to the type of product desired 
we are then in a much better position to 
determine what processes should be ap- 
plied to the material during the period of 
manufacture. Industry, as our customer, 
frequently tells us what qualities they 
desire in that product, but they are in no 
position to indicate the manufacturing 
processes we are to use. 

At the moment it appears that industry 
would like a graduate having two some- 
what contradictory abilities; namely, a 
technical level of achievement consider- 
ably higher than that expected 30 years 
ago, and the ability to live and work with 
other people. The objective of our ac- 
ademie efforts should be directed toward 
satisfying that demand. 

It has occasionally been said that an 
engineering education should be sufficient 
to enable a graduate to hold a job for a 
few years until he could learn to be an 
engineer. If this is the objective of our 
teaching efforts we should so inform our 
students, since we are obviously not plan- 
ning to deliver that which they expect. 
Such an objective appears to place some 
sort of a top limit on our teaching efforts 
see we seem to have stated that we are 
unable to prepare a man for anything 
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more than a job immediately upon gradua- 
tion. The training of a man to hold a 
specific job is the objective of a trade 
school and not one which should be fitting 
to an institution of higher learning. 
Even if this statement were our actual 
objective it is not a desirable one since it 
seems to say that our objectives are 
limited, that our efforts can only ac- 
complish so much, therefore why attempt 
to accomplish more? It seems more desir- 


‘able to have as an objective some state- 


ment which furnishes a goal, not a limit, 
to our efforts. 

There are, of course, those who will 
argue that we cannot turn out engineers 
but can only teach engineering, and to 
some extent this is true; however, it can 
also be argued that we should attempt to 
teach our engineering in such a way as to 
make the best possible engineers fifteen or 
twenty years after graduation, and it does 
not seem that the above objective supplies 
the proper incentive for that kind of 
teaching. 


Objectives 


It seems desirable to propose as an ob- 
jective of electrical engineering education : 


Upon completion of their college 
work, our graduates should be 
prepared to continue learning, to 
grow with the field, and to go 
with that field as it moves into 
new areas of learning. 


Our objectives ave then stated so as. to 
lead us on as a path into the distance 
rather than in a form which serves as a 
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closed gate. Our graduates should be 
prepared to meet and solve new problems 
as they arise, which means that they 
should have understanding rather than 
superficial knowledge, and should be 
taught the fundamentals to many prob- 
lems rather than solutions to a few. We 
should prepare our graduates to meet and 
understand new systems and new devices 
as they arise, and should not allow to be 
again repeated the troubles of a 60 cycle 
power man upon the advent of radio and 
electronics. 

Much of the above seems to be an 
argument for the teaching of funda- 
mentals. It is then proper to ask—if only 
fundamentals are taught why are cur- 
riculum options necessary since the funda- 
mentals are the same for all? 

It seems that such a question carries at 
least an implied premise, and may imply 
agreement with a fallacy. That is, are the 
fundamentals in usable form really the 


same for all types of electrical engineer- . 


ing problems? 

We might argue that an understanding 
of the reactances of the synchronous motor 
is fundamental to the study of that ma- 
chine for a power student. We could 
likewise argue that understanding of the 
orientation of the magnetic field in a TM,, 
excited wave guide is fundamental to the 
understanding of electromagnetic prop- 
agation in guides for a communication 
student. Thus the fundamentals are not 
the same for all since we ean hardly argue 
that a vice versa relationship of under- 
standing by our two hypothetical students 
is essential to suecess in their respective 
fields. 

If one wishes to argue that these two 
examples are not fundamental but are 
merely applications, it is possible to 
reason back step by step until one comes 
to the realization that the common ground 
for our two students and therefore the 
common fundamentals of the problem 
lie in the understanding of the transmis- 
sion of energy through electric and mag- 
netic fields. 

If only the fundamentals are to be 
taught in this area of knowledge, we will 
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teach our students that the energy in « 
magnetic field is expressed by “H?/2 anj 
the energy in an electric field is given by 
ck?/2. We cannot teach the students that 
the rate of flow of this energy through the 
electromagnetic field is given by E X Hor 
Poynting’s vector since someone will point 
out that is an expression used predon- 
inantly in the communications area and i: 
therefore not a fundamental for all stu. 
dents. We might also attempt to teach 
machines to our students by considerix 
the magnetic field only, which is the usual 
teaching method for machines, but ow 
radio friends will immediately point owt 
that there must be an accompanying ele. 
trie field wherever there are time-or space. 
varying magnetic fields, and_ therefor, 
such a consideration of the magnetic fieli 
alone is not fundamental. 

This dilemma might be resolved by 
proposal to teach the true fundamental, 
Maxwell’s equations, in which the action 
of fields in synchronous machines or in 
the wave guide are mathematically de 
scribed. We ean, of course, immediately 
expect the power-interested faculty to 
argue that those equations have little uw 
in the machine area. In return it might 
be stated without further proof that thee 
equations are little used there, but actually 
could be of considerable help in certait 
anomalous situations. 


Fundamental Knowledge vs. Fundamentil 
Methods and Techniques 


It seems proper to suggest that we alt 
confused between the teaching of fund 
mental knowledge and the teaching 
fundamental methods and techniques 
use that knowledge. Our fundamenit” 
knowledge may be considered as wrappé | 
up in Maxwell’s equations, Newton’s lav: 
and the conservation of energy and mr 
mentum, subjects which can be readil! 
taught. However, as illustrated by our& 
ample of the students being taught mé 
netic fields in machines and wave guide 
teaching of only these common funét 
mentals leaves our student ignorant of ti 
higher level methods and techniques whi! 
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can make that fundamental knowledge 
useful. 

These methods on which we spend so 
much time may include complex algebra, 
vector diagrams, graphical solutions, flux 
plotting, harmonic analysis, symmetrical 
components, the vacuum-tube equivalent 
creuit, the Laplace transform, and many 
more. It is these methods on which we 
concentrate and an electrical graduate 
would be in a rather poor position if we 
denied him these techniques. 

If we are willing to consider the teach- 
ing of these methods and techniques as 
necessary then we are faced with the 
necessity of curriculum options. Cer- 
tainly some of the methods given above 
are suited to specific fields, and can be 
best taught when illustrated by applica- 
tions in those fields. 

In a field as broad as ours, it is neces- 
sary to have some division in order that 
the fundamental material may be suitably 
chosen and presented with a suitable view- 
point. In each area the fundamental 
knowledge must -be restated, reoriented, 
and presented with the suitable viewpoint 
to be of use in connection with the funda- 
mental methods and techniques of the 
area. 

If we accept the definition that our 
“fundamentals” are composed of both 
knowledge and methods, then we seem led 
to the practical necessity for curriculum 
options. There seem to be at least four 
arguments to support the division of the 
field into at least the power and com- 
munications or electronics options. 


Arguments in Favor of Options 


The first argument in favor of options 
is simply that we have always had an 
option in electrical engineering. Webster 
defines an option as “that which is of- 
fered for choice” and up until possibly 
fifteen years ago we offered the student 
an option in machinery and he was at 
liberty to take it or leave it. If he left 


it he could still become a mechanical engi- 
neer or physicist, and a few schools were 
quite blunt in telling their students so. 

A second argument is illustrated by the 
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“reductio ad absurdum” method employed 
in the little problem concerning synchro- 
nous reactance and the magnetic field in 
the wave guide, wherein it was necessary 
to go so far back into fundamentals that 
very little was left. In other words, to 
bring a man up to a suitably high tech- 
nical level in any field requires specializa- 
tion and the learning of special methods 
inherent to that field, although not neces- 
sarily the learning of special fundamental 
knowledge. The general technical level 
in electrical engineering has advanced very 
greatly in the last twenty years, and we 
find it necessary to earry our students up 
to that higher level if they are to be able 
to continue to grow in the field after 
graduation. 

It is also possible to teach the use and 
understanding of fundamentals through 
applications of those same fundamentals. 
A good student given Maxwell’s equa- 
tions can find it possible to solve a great 
many field problems sent his way. A poor 
student must be shown how to apply these 
equations. To many people Maxwell’s 
equations mean very little in themselves. 
After being shown how to use them they 
become very valuable tools and in their 
use we learn to further understand and 
appreciate the original equations. Thus 
the teaching of the fundamentals becomes 
improved through the choice of proper 
applications. 

A fourth reason for options may at first 
hand appear trivial, but to anyone who 
has taught service courses, or who has 
taught machinery to electronics men, it is 
very definitely not trivial. This is a 
matter of student motivation—the driving 
force which makes a student want to learn 
and to understand the material being pre- 
sented in the course. Good teachers can 
frequently supply this in even the most 
uninteresting courses, but a poor teacher 
cannot, and thus anything we can do to 
aid will be an improvement in the student 
learning process. An electronics student 
is interested in matters associated with 
electronics. He is not interested in the 
details of the design of a synchronous 
machine. He will study harder on an 
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electronics problem whereas his machinery 
books will be pushed aside. A power 
student is interested in machinery or in 
power transmission, and understanding 


of the mathematics of modulation means ° 


little to him. 

There is a danger present in the use of 
options if carried .to such a point of 
specialization as to seriously limit the area 
of training of the student. We cannot 
know in what field a graduate may work 
five, ten, or twenty years after graduation, 
and rarely does the student have any firm 
expectations in this direction. In facet it 
can be said that ten years after gradua- 
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tion the type of product manufactured by 
his company will be of little importance 
to him, and that the really important fae- 
tors at that time will be the general 
business policies of the company with 
which he is associated, and the opportun- 
ities to grow and advance which are in- 
herent in his position. 

Thus a desirable statement of policy 
on options seems to be—A minimum 
number of options is desirable, but the 
material chosen for any option should 
only be so narrow as to keep the student 
happy, and broad enough that there 
should be no damage to his education. 


In Memoriam 
Charles Ellison MacQuigg 


Charles Ellison MacQuigg, past Pres- 
ident of the ASEE and Dean of the Col- 
lege of Engineering at Ohio State Univer- 
sity, died on April 24, 1952, in University 
Hospital, Columbus, Ohio. 

Dean MacQuigg was born in Ironton, 
Ohio, on January 19, 1885. He graduated 
from Ohio State University in 1909 with 
a degree in Mining Engineering. He was 
awarded the Doctor of Engineering De- 
gree by Clarkson College of Technology in 
1946. He served as an engineer for the 
Sante Fe Railway Company and the Ana- 
conda Copper Mining Company, 1909- 
1912. He was head of the Metallurgy De- 
partment of Pennsylvania State College, 
1912-1917. From 1917 to 1919 he was 
Captain, Ordnance Department, U. S. 
Army. During World War II he was a 
Lieut. Col. in Ordnance Reserve. He was 
affiliated with the Union Carbide and Car- 
bon Research Laboratories, Niagara Falls 
and Long Island City, New York, 1919- 
1937. 

He became Dean of the College of Engi- 
neering at Ohio State University on July 
1, 1937 and Director of the Ohio State 
University’s Engineering Experiment Sta- 
tion. He was president of the American 


Society for Engineering Education, 1947- 
1948, and a member of the executive com- 
mittee of the Engineering Division of the 


Association of Land Grant Colleges and 
Universities. He also had been a member 
of the National Research Council, and was 
currently a member of the Newcomen So- 
ciety of England, Sigma Xi, Tau Beta Pi, 
AIMME, ASM and AAAS. He was a 
Fellow of the Ohio Academy of Science 
and a recipient of the James Turner More- 
head Medal of the International Acetylene 
Association. He was a trustee of the 
Orton Foundation and a member of the 
board of directors and executive committee 
of the Ohio State University Research 
Foundation. 

President Howard L. Bevis of the Ohio 
State University described Dean Mae 
Quigg as follows: 

“No man was more loved by students, 
no man more respected by the entire 
faculty. He was tireless in service. He 
gave himself without reserve to every 
cause in which he could be of practical 
help. He was a Christian gentleman who 
seryed science with distinction.” 

Dean MacQuigg is survived by his wife 
and three sons: Dr. Rodger E. MacQuigg, 
M.D., a surgeon, of Albuquerque, New 
Mexico; Major David E. MacQuigg, MD. 
of the U. S. Army at Ft. Riley, Kans. 
and Charles H. MacQuigg of Dallas, 
Texas. 
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A Philosophy of the Science of Graphics 


By JOHN T. RULE 
Professor and Head, Section of Graphics, Massachusetts Institute of Technology 


This paper was written to be delivered to teachers of engineering drawing and 
descriptive geometry. Its entire intent was to stimulate interest in, and enthusiasm 
for, the comparatively undeveloped field of pure mathematical graphics. To the 
rigorous mathematician it will appear loosely written and will certainly raise a host. 


of unanswered questions. 


I make no apologies for this for I believe the core notion 


of a science of graphics is a valid, though vaguely realized one. The prime business 
of the moment is the recognition of the problem. 


It is my firm conviction that the 
science of graphics is an unrecognized 
science which offers the creative mind a 
tremendous challenge in a relatively 
unexplored world. This is the theme I 
wish to develop by offering a tentative, 
usable definition and in its light sketching 
a few of the possibilities. 

Undoubtedly mathematics started with 
counting. As a matter of fact, to most 
human beings that is all that mathemat- 
ics ever is, for the normal layman never 
needs anything but arithmetic, which is 
the science of counting. It involves a 
number system divided into units— 
one, two, three, etc. It thus has in- 
herent in its structure the process of 
proceeding by steps. By developing 
fractions and decimals the steps are made 
as small as desired but remain steps, 
nevertheless. Thus 3.1416 represents pi 
to the nearest step when the steps are 
1/10,000 of a unit. 3.14159 represents 
pi to the nearest step when the steps are 
1/100,000 of a unit. Arithmetic is thus 
discontinuous in nature. 

At some point in history geometry 
began to develop as the mathematics of 
space relations. Originally it was prob- 
ably a practical business. It was lifted 
into the realm of consistent theory by 
Euclid and his school. Now, curiously 
enough, Euclid founded the science of 
graphics on the one hand and did it a 
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profound disservice on the other. Per- 
haps he recognized the discontinuous, 
step-nature of arithmetic as opposed to 
the continuous nature of geometry and 
wished not to contaminate the latter 
when he restricted all constructional 
geometry to the use of the unmarked 
straightedge and compass. Whatever 
his reasons, he achieved two things. 
First, he barred the use of other curves 
than the circle since such curves were 
obtained by finding a limited number of 
points and fairing between these, which 
was not theoretically acceptable. Thus 
we still say we cannot trisect an angle. 
Second, in barring the marked ruler he 
barred the graphical device for convert- 
ing lengths into the number system. 
He thus fixed the space nature of 
geometry by eliminating its calculational 
possibilities and in addition put a psy- 
chological barrier in the way of convert- 
ing it into pure symbolism, which is the 
soul of the science of graphics. 

That Euclid’s straight-edge and com- 
pass restriction is an artificial one 
became apparent when the Italian math- 
ematician Mascheroni showed that all 
the constructions possible with a ruler 
and compass alone may be made with 
the compass alone (provided that a 
straight line is thought of as given by 
two points. We cannot draw the line 
but we can find where it would intersect 
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another line or a circle, if it were drawn). 
Later Jacob Steiner showed that all these 
constructions are possible with a straight- 


edge alone provided that a single fixed 


circle and its center are given. 


Nature is Unruly . 


Thus we had until Newton’s time a 
counting mathematics and a_ space 
mathematics. Unfortunately nature is 
a very unruly damsel. She knows noth- 
ing of counting which is a pure product of 
the human mind. Furthermore, she has 
a passion for the continuous as she, 
herself, is in a state of continuous change. 
Time and distance are continuous. Mass 
is effectively continuous above the atomic 
level. Thus a pure counting mathematics 
no longer sufficed as soon as we really 
seriously attempted to describe nature 
mathematically. Leibnitz and Newton 
enmeshed the continuous in mathemat- 
ical symbolism by developing the cal- 
culus. The theory of limits bridged the 
gap. From our point of view it is 
noteworthy that this was done by con- 
verting the symbolism of counting math- 
ematics into functional mathematics. 

Thus, today, we have an extremely 
powerful equational, functional mathe- 
matics for dealing with physical reality. 
In many instances, however, it is very 
cumbersome. Furthermore it almost 
never exactly fits the facts. I want to 
emphasize this point. Equations are 
abstracted laws involving an artificially 
limited number of variables. However 
the physical universe refuses to conform 
to simple classical rules. A falling body 
falls according to the well-known formula 
only when we make very artificial 
assumptions, neglecting air resistance, 
variations in air density, etc. Thus we 
capture fundamental portions of nature 
in our equational world only by greatly 
oversimplifying the natural phenomena 
involved. 


We cannot always do this. For in- 


stance, the resistance of a boat hull in 
moving through water, or of an airplane 
fuselage in moving through air depends 
on so complicated a set of factors that 
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we measure these forces in model towing 
tanks or wind tunnels and make little 
claim to being able to predict them 
mathematically. 

The basic trouble here is that we are 
substantially lacking one whole branch 
of mathematics, a branch that can 
describe completely by symbolic means 
physical phenomena far more complex 
than equational mathematics can. This 
branch of mathematics is the science of 
graphics, the nature of which has never 
been fully understood because of the 
wet blanket of Euclidean notions and the 
great success of equational mathematics 
and, in addition, because of its lack of 
oral quality. 

The latter is a crucial factor. When] 
write 6 and say ‘‘6’”’ I have a one-to-one 
correspondence between the written sym- 
bol and the spoken symbol. When | 
draw a line I cannot talk about 
the magnitude it symbolizes until | 
convert it into the number system. 

In order to define the science of graph- 
ics we must look more closely at sym- 
bols. Take the concept of time. Equa- 
tionally we say, let ‘‘t’’ represent time. 
t can have any numerical value we 
choose. Graphically we say let this 
straight line represent time, and the line 
can have any length we choose. In each 
instance we are tied to a unit of some 
sort. A time of 100 or a time of the 
length of this line has no 
meaning until we say in the first instance 
one shall be an hour and in the second 
instance this length 
hour. 

Note that in both instances we are 
employing pure symbols, one as legiti- 
mate as the other. In the second 
instance, note that we have completely 
broken with Euclidean geometry for we 
are using lines as pure symbols for 
something else and are not tying them 
to space geometry. 


Rectangular Coordinate System 


It is important here to note that 
Descartes tied the space world o 
geometry to the world of numbers by 
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means of a rectangular coordinate sys- 
tem. It was basically a space describing 
system and did not contain the notion of 
lines as symbols until someone took the 
next step by assigning time, or the like, 
to one axis instead of distance. Carte- 
sian coordinates like Euclidean construc- 
tive restrictions have been a bar to our 
understanding of the true nature of 
graphics. We shall come back to this 
later when discussing coordinate systems. 

With the use of the line as a symbol of 
something else we establish the science 
of graphics. We may now define graphics 
tentatively, for our purpose here, as the 
use of geometric entities as mathematical 
symbols for manipulative and predictive 
purposes. The science of graphics is the 
science of performing by means of 
geometric symbols the same operations 
that can be performed by numerical, 
algebraic symbols. 

The science of graphics is a full-fledged 
science of the continuous. In certain 
ways it has some remarkable advantages 
over equational mathematics. First, 
lines are continuous and numbers are 
not. Nature, herself, is fundamentally 
graphical. The first. thing we do in 
collecting data is to use some form of 
conversion device for converting the 
continuous, graphical character of nature 
into the discontinuous number system. 
The three great conversion devices are 
the clock for converting time, the 
balance for converting mass, and the 
measuring stick for converting distance. 
Such conversions mean that in every 
physical problem except those involving 
pure counting there is no such thing as 
absolute accuracy, for the continuous 


_ character of nature can be read only to 
ompletely | 


the nearest step in the number system. 

Second, and of profound importance, 
we can symbolize graphically much more 
complex phenomena than we can sym- 
bolize equationally and we can handle 
successfully many more variables. 

In many respects equational mathe- 
matics has great advantages over 
graphics. Thus in the last analysis some 


things can be done better graphically, 
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some equationally, and a great many by 
a combination of the two. We cannot, 
however, fully capitalize on the possi- 
bilities until we fully develop the science 
of graphics. 

The task before us then is to establish 
a set of graphical manipulations which 
are the analogs, or the equivalents of, 
numerical, algebraic, and analytic ma- 
nipulations. Our first job is to develop a 
consistent, unified theory which will 
enable us to perform any mathematical 
process graphically, to demonstrate that 
the possibility exists that anything that 
can be done with equational mathematics 
can be done graphically and that in a 
very real sense the two are partners in 
the mathematical world. At the moment 
we can only begin this. Its full develop- 
ment is the great challenge. I am 
going to pick one or two arbitrary 
examples. 

Graphical addition and subtraction 
are obvoius. So, as our first example we 
will examine multiplication. Suppose 
we want to multiply this length a 


inthese units 1 
We'll call them a, 6, and 1 (note the 
necessity of using letter symbols for 
oral purposes). If I draw two similar 
triangles, Fig. 1(A), it follows that a/1 
= or = ab. Superimposing these, 
I can lay out a and 6b at right angles for 
convenience, Fig. 1(B). I then mark 
1 on the b axis, draw from a to 1 and 
draw a parallel from b to obtain z, the 
product of a and }, on the a axis. 


by thislength 6 


Examples 


Now we can take an example. We 
wish to multiply the a and b curves of 
Fig. 1(C) together. We draw a number 
of ordinates and mark the “‘a’s” and 
‘b’s” and lay them out from “0” on the 
proper axis, paying attention to direction 
(sign). Next we draw the family of lines 
from the ‘a’ points to 1 and draw 
parallels from the proper ‘‘b” points to 
obtain our required products. The proc- 
ess is shown for a2 and 62 and for ag and 
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bs in the figure. We then distribute our 
products to the proper ordinates and 
draw a curve through the points. We 
have now multiplied our two original 
curves together. Now if we wish to 
convert this into equational mathematics 
the two curves are sin @ and cos @. 
You will note that the product curve has 
half the height and twice the frequency 


=~ = . Thus sin @ cos 0 


and thus is 


sin 26 

Some comments on the above example 
are necessary. First we have divorced 
ourselves from the notion of area—the 
Euclidean meaning of multiplication. 
Second, I have used a cartesian coordinate 
system only in order to make a recognized 
conversion between the equational and 
the graphical systems. Third, the in- 


evitable question arises concerning ac- 
curacy, in that the two original curves 


will not exactly fit the theoretically 
perfect curves for sin # and cos @.  Itis 
not contended that they do. The two 
given curves multiplied together yield 
the third curve. If they are not the 
curves for sin @ and cos @ then the 
equational mathematician cannot mul- 
tiply them together at all for he cannot 
fit equations to them. Yet they cat 
be multiplied graphically whatever the 
are. Itis equational methods that arein 
difficulty, not graphical. Fourth, thi 
does not constitute a proof that 2 sin/ 
cos 8 = sin 26. It does show the patter 
of correlation between the two systems. 

In similar manner we can_perforl 
division. If we interchange the position 


of “1” and ‘“‘a” and proceed as befor 
b 
then x becomes oe If you care to per 


form this by dividing sin 6 by cos 6 yol 
will find the result is tan 6. 
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Simultaneous Linear Equations 


Now let’s step up the line a little and 
consider the matter of simultaneous 
linear equations. All of you can solve 
two equations in two unknowns by 
plotting in cartesian coordinates. All of 
you can solve three equations in three 
unknowns by considering each equation 
a plane and finding the point of inter- 
section of the three planes by descriptive 
geometry. In both instances you have 
employed cartesian coordinates and used 
a space analog of the equations—2 lines 
in a plane intersect in a point, 3 planes 
intersect in a point in space. Let’s free 
ourselves from this basic Euclidean 
concept and look at a method which will 
solve n equations with n unknowns. 
(This method is adapted from “Graphical 
Methods” by Carl Runge, Columbia 
University Press, 1912.) 

We'll take two simple equations for 
illustrative purposes: 


+ Sy +4 =0, 
27 +y+5=0. 


We draw a line (Fig. 2) and lay out on it 
each of the three coefficients as a length 
from 0 (the coefficient of x will be called 
a, of y, b, and the constant c). We draw 
a second line parallel to the first and do 
the same for the second equation. I’ve 
reversed the direction, but that is of no 
importance. These marked lines are 
the graphical equations. We then draw 
the lines connecting the 0’s, the a’s, b’s 
and c’s. Now, any line parallel to our 
original line will cut the lines for a, b, 
and ¢ in points which establish a graph- 


3X+5Y+4-0 


b 
b=0,-§--3 
a »b fe) 
2xryt5-0 
Fia. 2. 
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ical equation which will be satisfied by 
the same roots as the two original 
equations. Consequently we draw two 
lines, one through the point where the 
a line crosses the 0 line and one through 
the point where the 5 line crosses the 0 
line. I thus obtain one graphical equa- 
tion without a and one without 6. 
Converting these from the graphical I 
obtain the two equations: 


by —c=0 or 
ax+c=0 or 


Since these are scalable ratios I convert 
into the number system and find that 
y = 1 and x = —8 which are the re- 
quired roots. 

We can extend this process to three 
simultaneous linear equations having 
coefficients a, b, c, and d by eliminating a 
from any two pairs and obtaining two 
new equations in 6, c, and d. We then 
operate on these two as above to obtain 
our roots. This process can be increased 
to include n equations in n unknowns. 

The solutions of such simultaneous 
equations might be needed for our old 
friend the Wheatstone Bridge. The 
question being what equivalent single 
resistance may be substituted for the 
network so that the current passing 
through will be fooled and not know the 
difference. 


Electrical Networks 


We can extend this into a tougher 
problem in electrical networks. Instead 
of simple resistances in each branch of 
the bridge circuit, suppose that there is a 
combination of inductance and capaci- 
tance and resistance. For a_ given 
applied alternating voltage of a certain 
amplitude and frequency what is the 
resulting alternating current amplitude 
and phase? Now, an impedance is a 
complex number so that our simultaneous 
equations now have complex coefficients 
which we must graph as vectors in the 
complex plane. However, the elimina- 
tion proceeds in a graphical way analo- 
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gous to the above and the solution of the 
equations may be found. I won’t do it 
here. I bring in this application to sug- 
gest the intriguing possibilities of a com- 
prehensive graphical theory for networks. 

There is a similar sort of process for 
obtaining the roots of higher power 
equations which I won’t go into here. 

Next in line are graphical integration 
and differentiation. You all know that 
we can do this with a great deal of 
accuracy and rapidity. 

Now, I want to take a physical ex- 
ample of the use of a combination of 
thése processes. In many fields of 


modern science the simple parabolas and 
hyperbolas and linear differential equa- 
tions that used to describe reality are 
being replaced by empirical curves and 


functions that more nearly describe the 
behavior of our universe. I am choosing 
as an example the tristimulus color 
problem for it involves curves to which 
equations cannot be fitted so that a 
laborious numerical process is usually 
followed. 

Fig. 3(A) shows an assumed curve of 
reflectance of a dye pigment under 4 
given light source. 

It also shows the X, Y, Z curves, Fig. 
3(B), the response curves of the eye to 
three standard primary colors. Now the 
blue seen by the eye x will be 


f RXadx. 
0 


This is, of course, an impossible equa- 
tional operation as we cannot find any 
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equation to integrate. Our first job is 
to multiply R by X, Fig. 3(C). We have 
already seen how to multiply two curves 
together. This yields the product XR. 
We now integrate this from 0 to © and 
get the x vector. We repeat this process 
for Y and Z and get the y and z vectors, 
Fig. 3(D and E)—a multiplication and 
an integration in each instance performed 
very rapidly. Since the sum of the 
three is unity we can mark the color on 
the standard tristimulus chart Fig. 3(F). 

I want you to note that in solving this 
very complex problem we have never 
once left the graphical world. We’ve 
operated completely in geometric sym- 
bols without ever employing a number. 
Furthermore, we have followed the 
complex pattern of physical reality 
without employing oversimplifications 
for the sake of getting equations which 
we can manipulate. 


Coordinate Systems 


At this point I think you can see the 
beginnings of a unified attack on graph- 
ical procedures. I want to talk a 
minute or two on coordinate systems for 
our persistence in using cartesian co- 
ordinates highlights the difficulty of 
breaking our thinking about graphics 
away from space concepts. If we are 
going to be successful in this area we 
must think of lines as pure symbols and 
operate on them with freedom. We can 
use any arbitrary coordinate system we 
choose so long as it is fruitful. We can 
use line coordinates or point coordinates 
or any distorted field of coordinates. 
A coordinate system is basically a 
conversion device between the two 
mathematical systems. Since a com- 
bination of the two systems is most 
fruitful in many problems, the free use of 
coordinate systems without respect to a 
space analog becomes a very important 
factor. 

You will find that all mathematicians 
say that 2? + y? = R? is the equation of 
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a circle. This simply is not true in any 
broad sense. It is true if cartesian 
coordinates are used but we can show a 
coordinate system in which it is an 
ellipse or some other conic. 

An interesting problem is that of 
taking a family of curved lines and 
developing a coordinate system in which 
a maximum number of the family are 
rectified. We can show that this can 
always be done for 3 such lines, and I 
suspect a solution exists for 4, but we’ve 
been unable to find it. 

Another interesting procedure is to 
project cartesian coordinates by central 
projection into a system containing two 
vanishing points. Note that we then 
can plot any curve out to infinity which 
has some useful possibilities. I am 
convinced that we have only begun to 
examine the coordinate system problem. 


Conclusion 


In closing I want to point out that 
we are dealing with a pure science and 
that our focus of attention should be on 
pure research without hampering our- 
selves with the notion of applicability. 
We have only barely scratched the 
surface of this science. The mathe- 
matician does research for the sake of 
discovery alone. Applications generally 
follow discovery. We should treat the 
science of graphics in the same way and 
never tolerate the question, ‘what good 
is it?”. No science of any dignity ever 
tied itself to the utilitarian. 

It seems to me that the coordinated 
type of attack that I’ve tried to outline 
contains the true future of the science of 
graphics. 

I want to acknowledge my indebted- 
ness to. two of my colleagues—to Mr. 
John F. Twigg for the example on 
graphical multiplication and to Mr. 
Steven A. Coons as a major contributor 
of the philosophic ideas and the work on 
coordinate systems. 
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Slide Rule Instruction in Technical Schools 


By HERMAN K. FULMER 
Professor of Mathematics, Georgia Institute of Technology 


Considering the wide use of the slide 
rule in engineering work, it is a striking 
commentary that in many colleges of engi- 
neering there is no organized instruction 
in this subject. This lack of instruction 
is not due to lack of demand. According 
to the best information available, there is 


been no real effort to teach this subject. 
In one place an honor society attempts 
instruction. In a large mid-west univer. 
sity slide rule is taught in the department 
of engineering drawing. Another institu. 
tion requires that the students learn to 
construct slide rules. Still another offers 


a steady demand for slide rule instruction 
among undergraduates generally. This 
demand is further attested by the con- 
tinued publication of books, instruction 
sheets, and pamphlets on the various ap- 
plications of the slide rule. But taking 
engineering colleges as a group, there has 
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free group instruction on demand. Ont 
of the most serious objections to hap 
hazard instruction is that frequently th 
best methods are never learned and thai, 
due to the tendency to stick to what is fir 
learned, the student goes through lilt 
doing unnecessary work. 

JourNat or ENGINEERING Epucation, May, 19% 
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In order to meet the demand mentioned 
above, two years ago the Department of 
Mathematics of the Georgia Institute of 
Technology incorporated use of the log 
log duplex decitrig slide rule as an in- 
tegral part of the course in trigonometry. 
By this plan, really borrowed from North 
Carolina State College, slide rule is not 
taught as a topic. Rather, it is taught 
in connection with other topics where the 
correlation is easy and natural. This 
method has the very great practical ad- 
vantage of not trying to cram on all the 
various applications at once. Early in 
the quarter, students in trigonometry are 
invited to a movie (cooperation of Keuffel 
& Esser) showing basic slide rule opera- 
tions. Experience shows that this movie 
aids considerably. Following this, and 
early in the course, applied problems in- 
volving multiplication and division are 
taught. Along with instruction on use of 
the tables of natural functions, their use 
with slide rule is explained. Many right 
triangles are solved by slide rule. Still 
later in the course where fractional powers 
are taught by the use of logarithms, the 
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use of the slide rule for this work is also 
explained. The rule is also used in the 
solution of exponential equations like 
2*=7. Finally, in the solution of oblique 
triangles we stress the slide rule. 

It is interesting to note that instruction 
in slide rule seems not to shorten the time 
allotted to other topics. Rather the speed 
and simplicity with which many problems 
may be solved more than compensate for 
the time spent in learning. The depart- 
ment owns 6 master demonstration rules 
which are mounted (see photograph) as 
standard equipment in class rooms. . We 
are indebted to the School of Mechanical 
Engineering for this simple and perma- 
nent solution of the old problem of how 
to change sides with these large rules. 
This mounting is not patented and could 
be used any where. The rules are mounted 
along the side wall of the classroom, are 
always available, never in the way. 

A recent survey shows that the students 
appreciate this instruction. We would 
weleome correspondence and suggestions 
toward improvement. 


Sanitary Engineering Conference 


A two-day conference on Sanitary Engineering Education sponsored by Com- 
mittee 3 of the ASEE Civil Engineering Division, with the cooperation of the 
U. S. Public Health Service and the American Public Health Association, will 


be held at Dartmouth starting Saturday, June 21. 


ference is as follows: 
Saturday, June 21 


1:00 p.m. Radiological Training 


1:45 
3:15 


Sunday, June 22 


Field Training 


The program of the con- 


Training Sanitary Engineers (panel discussion) 


9:30 am. What is the Present Day Field of Sanitary Engineering? 


10:30 


Minimum Requirements for Sanitary Engineers 


1:30 p.m. Sanitary Engineering in the Smaller College 


2:30 Graduate Program 
4:00 Adjournment 


Monday, June 23 Committee Reports 


Arrangements for the conference are in charge of the following special com- 


mittee: 
Gilbert Dunstan, Chairman 
Jess C. Dietz, Co-chairman 
Arthur P. Miller 
Ellis S. Tisdale 


Earnest Boyce 

E. 8. Brown 
William T. Ingram 
E. J. Kileawley 


This committee is working in cooperation with Committee 3. Reservations for 
the conference should be made with Professor E. 8. Brown of the Thayer School 


of Engineering, Dartmouth College, Hanover, New Hampshire. 
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TIMELY TIPS 


A Direct Development of the Polytropic Process 


By E. J. WELLMAN 


Instructor of Mechanical Engineering, Purdue University 


In the presentation of reversible, non- 
flow processes for ideal gases in most 
thermodynamics texts, the position of 
the polytropic has appeared to the author 
to be incongruous. The constant pres- 
sure, constant volume, isothermal, and 
isentropic processes are naturally grouped 
because they are characterized by the 
constancy of a particular property. The 
polytropic equation pu” = C (a constant) 
appears to be simply a _ convenient 
mathematical formulation which has 
little physical significance, but which can 
be adjusted to fit each of the others by 
proper selection of the value of the 
exponent 

A method of relating all of the above 
processes involves an entirely different 
approach which requires a fresh start. 

Let us consider, for a non-flow, 
reversible process, the ratio of heat to 
work, dQ/dW. Let dQ/dW = E. Now 
if we restrict our analysis to those 
processes for which E is a constant, we 
may derive a p — v relationship to satisfy 
this premise. 


dQ = Edw, 
or 
dQ = Epdv. 
From the First Law 
dQ = du + pdv, 


From Joule’s Law 


dQ = c,dT + pdv. 
Then 
c,dT + pdv = Epdv. 


By differentiating pv = RT we obtain 


_ pdv + vdp 
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Then 


(pdv + vdp) = pdv (E 2), 


ing 


vdp + pdolk — E(k — 1)] = 0. 


Now letn = k — E(k — 1). Then 
vdp + npdv = 0, 
+ = 0, 
p v 


which, when integrated, yields 
pur = C. 


Therefore this p — v relationship chw: 
acterizes the general process for whit 
dQ/dW is a constant. 

It may now be noted that for each 
the other four processes described shes 
dQ/dW is a constant. Hence each is! 
polytropic. 

For each process the ratio EZ may lip 
determined by separate calculation 0 
work and heat by the usual method) 
Then the proper exponent n may ' 
determined from the above definition ( 
n, ie., n =k — E(k —1). The resi, 
of such determinations are listed belov: 


E n 
Constant pressure k/(k — 1) 0 
Constant volume — 
Isothermal 1 1 § 
Isentropic 0 k 


The utility of this analysis may 
extended to obtain simple expressitt) 
for dQ, dW, and du usable for any of th} 
processes discussed above.* Using ot) 

* Since the equations are all given in tem 
of dT, the work and heat expressions bec0t 
indeterminate for the isothermal] process. 
Journat or ENGINEERING Epucation, May, 
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TIMELY TIPS 


the First Law, and the basic premise that 
E is a constant, the following may be 
obtained in terms of n or E: 


ar 
l—n 


E 
dQ = Cy 


aw =e. 


dQ = 


or 


or 


1 
dW = c, dT, 


du = c,dT. 
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This method undoubtedly will not 
contribute to a better understanding of 
the four basic processes, but it does 
present a simple and logical definition of 
the polytropic process. It indicates, 
also, that the polytropic does not include 
all possible processes but has a very 
precise restriction. It also becomes 
easier to understand why the polytropic 
process has been utilized to attempt to 
describe some actual compression proc- 
esses in which heat was not exactly that 
prescribed by the isothermal nor zero 
as required by the isentropic, but the 
heat does bear a fixed relation to the 
quantity of work. 


The Third National Surveying 


Teacher's Conference 
Sponsored by 


Committee 8, Civil Engineering Division, ASEE 
and 
The University of Illinois 


August 3-8, 1952 


Camp Rabideau, Summer Surveying 
Camp of the University of Illinois, will be 
the scene of The Third National Surveying 
Teacher’s Conference, August 3-8, 1952. 
Situated in the Chippewa National Forest 
of Northern Minnesota and in an area 
famous for its lakes and Paul Bunyan 
lore, Camp Rabideau with an unparalleled 
physical plant and pleasant woodland 
environment offers excellent facilities for 
conference activities and communal living. 

The Illinois Surveying Camp is located 
on federally-owned forest land in Beltrami 
County about 35 miles northeast of Be- 
midji. Deer and small game abound in 
the heavy stand of second-growth timber 
that covers this region. Daily rail and 


bus service is available from Minneapolis 
to the village of Blackduck which is 6 
miles north of the camp. Good highways 
approach the area from all directions. 

For further information address Brother 
B. Austin Barry, F. S. C., Chairman 
Committee 8, Civil Engineering Division, 
ASEE, Manhattan College, New York 71, 
N. Y. 

Dining and sleeping accommodations 
will be furnished at a cost of about $25 
per person for the six-day period. A re- 
duced-.rate will be made for children. 
Reservations should be made with Dr. M. 
O. Schmidt, Director of Camp Rabideau, 
Surveying Building, University of Illinois, 
Urbana, Illinois. 
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Section 


Allegheny 


Illinois-Indiana 
Kansas-Nebraska 
Michigan 


Middle Atlantic 


Missouri 


Section Meetings 


Location of Meeting 


Pennsylvania State 
College 


University of 
Illinois 


University of 
Nebraska 


University of 
Detroit 


Villanova College 


University of 
Arkansas 


National Capital Area Howard University 


New England 


North Midwest 
*Ohio 


Pacifie Northwest 


Pacific Southwest 


Rocky Mountain 


Southeastern 


Southwestern 


Upper New York 


George Washington 
University 

Worcester Polytechnic 
Institute 


Iowa State College 

Ohio State 
University 

University of 


Washington 


California State Poly- 
technic College 


University of 
Wyoming 


Clemson College 


University of 
Houston 


Alfred University 


Dates 
April 18-19, 
1952 
May 17, 1952 
Nov. 16-17, 
1951 
May 10, 1952 


May 10, 1952 
April 5, 1952 
February 5, 


1952 


Oct. 18, 1952 


Oct. 3-4, 1952 


April 25-26, 
1952 


Dec. 29-30, 
1952 


April 19, 1952 
April 10, 11, 
12, 1952 


April 25 & 26, 
1952 


October 10-11, 
1952 


Chairman of Section 


E. B. Stavely, 
Pennsylvania State 
College 
D. G. Ryan, 
University of Illinois 
Kenneth Rose, 
University of Kansas 
W. P. Godfrey, 
University of Detroit 
S. J. Tracy, Jr., 
City College of 
New York 
R. Z. Williams, 
Missouri School of 
Mines 
W. Oncken, Jr., 
Bureau of Ordnance 


E. T. Donovan, 

University of New 
Hampshire 

S. J. Chamberlin, 

Iowa State College 

W. F. Brown, 

University of Toledo 

T. H. Campbell, 

University of 
Washington 

S. F. Duncan, 

University of South- 
ern California 

E. J. Lindahl, 

University of 
Wyoming 

R. L. Sumwalt, 

University of 
South Carolina 

H. P. Adams, 

Oklahoma A. & M. 
College 

R. M. Campbell, 

Alfred University 


Members of the Society are welcome at all Section Meetings 


* No Date Set. 
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Section 


State 


Illinois 


May, 1952 


Apece, Martin G., Assistant Professor of 
Civil Engineering, Bradley University, 
Peoria, Illinois. H. Blichensderfer, R. E. 
Gibbs. 

AnpERSON, Henry C., Instructor in Mechanic 
Arts, Lincoln University, Jefferson City, 
Mo. C. B. Taylor, W. Jackson. 

ANDERSON, WARREN R., Associate Professor 
of Electrical Engineering, California State 
Polytechnic Institute, San Luis Obispo, 
Calif. C. E. Knott, E. C. Glover. 

Ayres, G. H., Professor of Chemistry, Uni- 
versity of Texas, Austin, Texas. A. B. 
Bronwell, S. C. Hollister. 

Baker, Burton C., Supervisor—Technical 
Placement, Minnesota Mining & Manu- 
facturing Company, St. Paul 6, Minn. E. 
W. Johnson, W. W. Burton. 

BALISE, Peter L., Instructor in Mechanical 
Engineering, University of Washington, 
Seattle, Wash. J. B. Morrison, R. W. 
Crain. 

BENDER, LUKE R., Assistant Professor of 
Mechanical Engineering, Bucknell Univer- 
sity, Lewisburg, Pa. W. D. Garman, D. 
W. Griffith. 

BENTLEY, WILSON J., Associate Professor of 
Engr. and Mgmt., Oklahoma A. & M. Col- 
lege, Stillwater, Okla. H. G. Thuesen, M. 
R. Lohmann. 

Brown, CHarLEs L., Associate Professor of 
Mechanical Engineering, Purdue Univer- 
sity, Lafayette, Ind. O. W. Witzell, D. S. 
Clark, 

BucKNeR, N., Principal, Arm- 
strong High School, Washington, D. C. L. 
K. Downing, J. C. Webster. 

Buxton, ALBERT C., Assistant Professor of 
Electrical Engineering, Tulane University, 
New Orleans, La. C. W. Ricker, J. A. 
Cronvich, 

Cuacry, Litoyp A., Executive Secretary, The 
Ohio Society of Professional Engineers, 
Columbus 15, Ohio. C. E. MacQuigg, W. 
D. Turnbull. 

CLEMMER, GrorGe H., Asst. Mgr., Goodyear 
Ind. Univ., Goodyear Tire & Rubber, Bar- 
berton, Ohio. F. S. Griffin, E. R. Wilson. 


CLougH, Ray W., Assistant Professor of 
Civil Engineering, University of Cali- 
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New Members 


fornia, Berkeley, Calif. J. B. Franzini, E. 
P. Popov. 

CowLes, RALPH G., Instructor in Human- 
istic-Social Studies, University of Wash- 
ington, Seattle, Wash. S. W. Chapman, J. 
W. Souther. 

DaviIpSsoN, SIDNEY, Assistant Professor of 
Industrial Engineering and Accounting, 
Johns Hopkins University, Baltimore, Md. 
R. H. Roy, W. B. Kouwenhoven. 

Davis, Howarp P., Associate Professor of 
Mechanical Engineering, University of 
Wyoming, Laramie, Wyo. E. J. Lindahl, 
H. T. Person. 

DerGrorr, HAROLD M., Associate Professor of 
Aeronautics, Purdue University, Lafayette, 
Ind. M. U. Clauser, E. F. Bruhn. 

DuBBE, EVERETTE C., Assistant Professor of 
Electrical Engineering, West Virginia 
University, Morgantown, W. Va. E. C. 
Jones, C. B. Seibert. 

Duncan, ACHESON J., Associate Professor 
of Industrial Engineering and Statistics, 
Johns Hopkins University, Baltimore, Md. 
R. H. Roy, W. B. Kouwenhoven. 

Esmay, MERLE L., Associate Professor of 
Agricultural Engineering, University of 
Missouri, Columbia, Mo. M. M. Jones, J. 
C. Wooley. 

FELLING, WILLIAM E., Instructor in Aero- 
nautical Engineering, St. Louis University, 
East St. Louis, Illinois. R. A. Killoren, 
A. B. Bronwell. 

FirzGERALD, ARTHUR E., Associate Professor 
of Electrical Engineering, Massachusetts 
Institute of Technology, Cambridge, Mass. 
C. E. Tucker, H. L. Hazen. 

Hite, Sam C., Assistant Professor of Chem- 
ical Engineering, Purdue University, La- 
fayette, Ind. J. L. Bray, R. N. Shreve. 

HupsPetH, E. L., Professor of Physics, Uni- 
versity of Texas, Austin, Texas. A. B. 
Bronwell, S. C. Hollister. 

HucGHEL, THomas J., Assistant Professor of 
Metallurgical Engineering, Purdue Uni- 
versity, Lafayette, Ind. J. L. Bray, G. W. 
Sherman, Jr. 

KILBRIDGE, MaurRIcE D., Assistant Professor 
of Industrial Engineering, Illinois Insti- 
tute of Technology, Chicago 16, Ill. P. 
Davis, B. A. Fisher. 
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LeacH, WILLIAM J., Administrative Assist- 
ant to the Dean and Instructor in Engi- 
neering, University of Houston, Houston, 
Tex. T. N. Whitaker, M. L. Ray. 

LOVELL, CHARLES W., JR., Instructor-Re- 
search Engr., Civil Engineering, Purdue 
University, Lafayette, Ind. R. B. Wiley, 
K. B. Woods. 

MALLORY, WARREN M., Assistant Professor 
of Electrical Engineering, University of 
Wyoming, Laramie, Wyo. E. J. Lindahl, 
H. T. Person. 

McCLELLAND, A., Instructor, Good- 
year Ind. University, Goodyear Tire & 
Rubber Co., Akron, Ohio. F. S. Griffin, 
E. R. Wilson. 

MILs, Roscok E., Professor of Engineering 
Materials, Purdue University, Lafayette, 
Ind. P. E. Soneson, F. W. Stubbs, Jr. 

MorrILL, ALLEN C., Professor and Head, 
Language Dept., Michigan College of Min- 
ing and Technology, Houghton, Mich. P. 
V. Anderson, W. Harrington. 

PLuM, B., Director of Education, 
U. 8. Naval Ordnance Test Station, China 
Lake, California. L. M. K. Boelter, A. S. 
Levens. 

REGENBRECHT, Dovuctas E., Instructor in 
Mechanical Engineering, Purdue Univer- 
sity, Lafayette, Indiana. O. W. Witzell, 
D. S. Clark. 


English Division Summer School 


Theme: Orienting the New English Teacher in the Engineering School. 
Session I, June 20, 9:00 A.M. Topic: The English Teacher in the Engi- 


neering School. 


Session II, June 20, 2:00 P.M. Topic: Has Freshman Composition Failed? 


Session III, June 21, 9:00. A.M. Topic: Standards of Correctness: Pre- 
scriptive vs. Descriptive Grammar. 


Session IV, June 21, 2:00 P.M. Topic: Articulation of High-School and 


College English. 


Session V, June 22, 2:00 P.M. Topic: What Literature to Teach and How 


to Teach It. 


NEW MEMBERS 


REITAN, DANIEL K., Instructor in Electrical 
Engineering, University of Wisconsin, 
Madison, Wis. T. J. Higgins, J. J. Skiles, 

RoppPo.o, JOSEPH P., Assistant Professor of 
English, Tulane University, New Orleans, 
La. A. B. Bronwell, S. C. Hollister. 

ScorDELIS, ALEXANDER C., Assistant Pr. 
fessor of Civil Engineering, University of 
California, Berkeley, Calif. J. B. Fran 
zini, E. P. Popov. 

Simpson, Harowp B., Educational and Train. 
ing Specialist, U. S. Naval Ordnane 
Laboratory, White Oak, Silver Spring, Md, 
D. E. Starnes, R. J. Seeger. 

Spence, Rosert A., Lecturer, Civil Engi. 
neering, City College of New York, Ner 
York, N. Y. H.G. Lorsch, J. A. Olsen, 

THoMA, Epwarp C., Associate Professor of 
Civil Engineering, Purdue University, Ia 
fayette, Ind. B. H. Petty, K. B. Woods 

Weeks, O. D., Professor of Government, 
University of Texas, Austin, Texas. A,B, 
Bronwell, 8. C. Hollister. 

WEHMANEN, Roy W., Assistant Professor of 
Engineering Drawing, University of Day- 
ton, Dayton, Ohio. J. A. Wehrle, A.B 
Weber. 

Woop, Harotp §., Assistant Professor of 
Aeronautical Administration, St. Louis 
University, East St. Louis, Ill. N. ¢ 
Beck, V. J. Blum. 7 


427 new members this year 
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“Easiest way to introduce AC theory” 
sar 
Professor I. J. Sandorf, chairman of the 
department of Electrical Engineering at the 
University of Nevada says, ‘“The G-E Portable YOU CAN DEMONS?RATE: 
Harmonic Generator provides the easiest way @ Saw-tooth waves 
to introduce AC theory, and it permits ready @ Square waves 
Variations of wave shapes to show the associa- 
1. tion between mathematical analysis and physi- @ Lissajous figures 
; _ cal phenomenon. This portable unit takes the @ Doppler effect 
ungl- place of an expensive motor-generator set cost- 7 
ing almost twenty times as much.” @ Fourier series diagrams 
‘led? Investigate the G-E Portable Harmonic @ Resonance characteristics 
Generator for your classroom studies. Write 
-..and many others 
Pre- __ for bulletin GEA-5526 to General Electric Co., 7 y 
q Sect. 687-97, Schenectady 5, N. Y. 
and PORTABLE HARMONIC GENERATOR 
| GENERAL @@ ELECTRIC 
11 


FIVE 
WAYS 
BEGIN 


WITH 
GENERAL 


1. TEST ENGINEERS PROGRAM... 
gives engineering graduates opportunities 
for careers not only in engineering but in 
all phases of the Company’s business. Rotat- 
ing assignments plus opportunities for 
further classroom study. 


2. BUSINESS TRAINING COURSE . . . 

open to liberal arts, business administration 
and other graduates . . . for careers in ac- 
counting, finance, administration. 


3. MANUFACTURING TRAINING PROGRAM . . . 


for developing manufacturing leaders. Open 
to graduates with a technical education or a 
general education with technical emphasis. 


4. CHEMICAL AND METALLURGICAL PROGRAM 


offers rotating assignments and studies for 
chemists, metallurgists, chemical engineers. 


5. PHYSICS PROGRAM... 

the gateway by which physics majors begin 
G-E careers. Program graduates have gone 
into such fields as research, development, 
manufacturing, design, marketing. 


If you are interested in entering one of 
these five basic General Electric pro- 
grams after graduation, talk with your 
placement officer and the G-E repre- 
sentative when he visits your campus. 
Meanwhile, send for further information: 
@ On Test, Chemical and Metallurgical, and 


Physics Programs, write to Technical Per- 
sonnel Services Dept., Schenectady, N. Y. 


@ On Business Training, write to Business 
Training Course, Schenectady, N. Y. 


@ On Manufacturing, write to Manufactur- 
ing Personnel Development Service Dept., 
Schenectady, N. Y. 


GENERAL ELECTRIC 
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A COMPLETE 
PRINTING 
SERVICE ... 


Goop prinTING does not 
just happen; it is the result of careful hienien, 
The knowledge of our craftsmen, who for 
many years have ews handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS - BINDERS - ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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MORE FAMOUS NAMES AT 
TESTING HEADQUARTERS 
Yorgiadis © Nadai 
Manjoine Bean Blanks fay 

Von Heydekampf : 
Norton * Montgomery itt 
Beggs © Troxell ¢ Luerssen 
Greene * Bohn ¢ Flader 


TESTING HEADQUARTERS 
smith « Bierman built on Foundation of 
FAMOUS NAMES 


You know these names—for every one represents a major contribution 
to the science and art of materials testing. And every one has helped 
to make B-L-H Testing Headquarters the source of the newest in all 
varieties of fine testing equipment. 


Over the years, Testing Headquarters has been a Clearing House for 
pioneering ideas, where every new development was sure of a welcome 
and a hearing. The results appear in such typical items as the line of 
fatigue testers, the versatile strain gage devices, the trail-blazing high- 
temperature testing equipment. Many of the most spectacular develop- 
ments of the past decade rest squarely on the new, significant data pro- 
vided by these new fact-finding machines. 


Perhaps improvements in your present lines, or the development of 
new products are waiting on more accurate knowledge of the service 
properties of materials or components. If so, you will find it profitable 
to discuss the problem with one of our representatives. 


If we don’t have equipment ready to do the job for you, the composite 
experience behind these famous names is available to develop 
a right answer. 


SALDWIN - LIMA -HAMILTON 


TESTING HEADQUARTERS 
Eddystone Division « Baldwin-Lima-Hamilton Corp. « Philadelphia 42, Pa: 
In Canada: Peacock Bros., Lid., Montreal, Quebec 
15 
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Introduction to Electrical Engineering, second Edition 


by ROBERT P. WARD, 4gricultural and Mechanical College 
of Texas 
Just published, the new edition has over 500 problems PLUS 


more than 250 Study Questions. The text is completely intel- 
ligible to students.beginning study of calculus and college physics. 


416 pages 6 x9 Published April 1952 


Elements of Television Systems 
by GEORGE E. ANNER, New York University 


Entirely new approach divides subject into 3 divisions: Closed 
TV Systems, Commercial Telecasting Systems, and Color Sys- 
tems. This arrangement permits study of basic problems of 
any Television system independently of the problems associated 
with broadcasting signals by radio. 


804 pages 554” x 83¢”" Published 1951 


Ultrahigh Frequency Engineering 
by THOMAS L. MARTIN, Jr., University of New Mexico 


A thoroughly up-to-date study of circuit elements essential to 
UHF systems, concentrating on basic theory and techniques 
applicable to every UHF system. 


456 pages 


Electromagnetic Waves and Radiating Systems 
by EDWARD C. JORDAN, University of Illinois 


Written for engineering students to show them how to solve 
practical electromagnetic field and communication problems. 
Jordan includes such topics as slot antennas, ground wave and 
sky wave propagation. 


710 pages 55%” x 83%” Published 1950 


Electronic Fundamentals and Applications 
Sy JOHN D. RYDER, University of Illinois 


A book students can understand and follow with particular ease. 
The text includes such topics as Frequency Modulation, Solid 
State Electronics, and Wave Shaping Circuits. 


806 pages 55%” x 834” Published 1950 


Send for Your Copies Today 


PRENTICE-HALL, INC., 70 Fifth Ave., New York 11, N.Y. 


55%” x 83%” Published 1950 
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READY FOR EXAMINATION 
2np 


ENGINEERING 
THERMODYNAMICS 


By NEWTON C.. EBAUGH 


CONSIDERABLY EXPANDED AND NOW ADAPTABLE TO A ONE- 
SEMESTER, TWO-SEMESTER OR THREE-QUARTER COURSE 


This SECOND EDITION retains. the overall purpose of the 
first, i.e., fo sel forth and explain the elementary essentials of ther- 

- medynamics as they apply to much of our modern industrial equip- - 
ment. Rapid advances have been made both in the fundamental 
data and in the applications of thermodynamics. These develop- 
ments are incorporated in the new edition, with unusual thor- ° 
oughness. 


416 pp. approx.——6'x 9——Very Well Hlustrated——Cloth: 


A NEW, ONE-VOLUME D-C anp A-C TEXT 
D-C ann A-C MACHINES 


(BASED ON THE FUNDAMENTAL LAWS) 


By MICHAEL LIWSCHITZ-GARIK, Assisted by 

. : ROBERT T. WEIL, Jr. : 

This am ONE-VOLUME text, treats electric machines ame a 

| wena point of view, based wholly on the understanding of the 

our fundamental laws. Written for Communications as well as . 

Power Majors taking a One Year Course in Electric Machines. 

Also suitable for Army and Navy Training Centers. There are 

410 problems in the book as well as many examples to illustrate 
the topics discussed. 


528 pp. approx. 6 x 9 406 Illustrations————Cloth 


NEW THIRD EDITION—HAYWARD’S 
OUTLINE OF METALLURGICAL PRACTICE 


By CARLE R. HAYWARD ; 
9. VA 


Numerous changes in text material; in fact much 
complete rewriting. There are now over 100 new illus- 
trations—Chapters on Uranium and Titanium have vey R A 

been added—Many new processes are featured and de- “0 No 
scribed—Numerous tables are included providing up- 

to-date data on plant and research. Many 

flow sheets of commercial operations in the new edi- ww 
tion. For a general course in non-ferrous mene 

at junior or senior level. 


740 pp. approx. Many x9 
Cloth Trim ; 
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BASIC ENGINEERING THERMODYNAMICS 

By V. W. Younc, Oklahoma A. & M. College. 558 pages, 6.50 
Designed to provide full coverage of the subject for undergraduate students in 
mechanical engineering, this text is characterized by its careful selection of 
material, continuity of treatment, balance and consistency in all topics, rigor 
of treatment, and readibility and clarity. 


FUELS AND FUEL COMBUSTION 
By Magion L. SmitH and Kart W. Stinson, Ohio State University. 
340 pages. $6.50. 
An exceptionally clear and comprehensive presentation designed to include 
fundamental and factual information concerning solid, liquid, and gaseous fuels 
and the problems associated with their combustion. The general topics of fuel 
technology and the relation of air, fuel, combustion products and the heat 
released are included. 


STEAM POWER STATIONS. New 4th edition 
By Gustar A. Garret, Chief Mechanical Engineer, Sargent & Lundy, 
Chicago, Ill. Ready in August 
A revision of a successful text for Mechanical Engineering students, designed to 
familiarize them with major and auxiliary equipment. The book covers ar- 
rangement of machinery, progress in design characterfstics, and conventional 
steam power plant general arrangements. It also reviews performance, costs, 
and trends toward unit plant construction, and the more efficient cycles (in- 
cluding reheat) which have come to the front in the last decade. 


INSTRUMENT ENGINEERING. Volume | 
By C. S. Draper, W. McKay, and S. Legs, Massachusetts Institute of 
Technology. Ready in May — 
Consisting of three volumes, and organized in such a manner that all three 
volumes will be used conjointly, this work presents a generalized method of 
attack on the problems of measurement and control. Volume I covers the first 
phase of a solution by developing a system of concepts, notation, diagrams and 
mathematical forms for describing the performance of physical devices and 
variations in physical quantities. 


Send for copies on approval | 
McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New Yerk 36, N.Y. 
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